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PREFACE 

The material presented in this volume is based on 
nearly four years of practical study of Malaria in Cali- 
fornia, during which time virtually every part of the 
state has been reached. ■ The extent of the infested 
area is limited to a comparatively few counties, and 
here the problem is shown to be a controllable one, as 
demonstrated by several successful anti-malaria cam- 
paigns. Concerted action backed by sufficient funds 
to carry on a scientific and systematic crusade against 
the Anopheles mosquito is all that is needed to free 
California of malaria, and thus eliminate the one glaring 
defect of this splendid state. 

A seven-years siege in his earlier experience with 
malaria in the southern part of Ohio has given the 
writer an interest in this malady which is of more than 
scientific birth. 

This extensive study in California could not have 
been possible but for the painstaking and loyal assist- 
ance of graduate students who have given time and 
energy, often under very trying conditions, and often 
for little or no compensation. Much credit is due 
Mr. Harold F.Gray, who, through his excellent equip- 
ment and efficiency, has given indispensable assistance 
in the preparation of this work. His careful reports 
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viii PREFACE 

are embodied in this book. Other field assistants 
whose work deserves commendation are Mr. Ben 
Bairos, Mr. E. H. Cornell, Mr. E. O. McGregor, Mr. 
Herbert Leak, Mr. W. M. Davidson, Mr. Edward 
Barber, and Mr. Arnold Weber. To these and to my 
laboratory assistant, Mr. A. B. Shaw, Jr., I wish to 
extend heartiest thanks, 

W. B. HERMS. 

California, 
April 4, 1912. 
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INTRODUCTION 

The awakening of the general public to the necessity 
and possibility of the control of malaria, indicated by 
the incessant demand for information on this subject, 
is sufficient reason for the appearance of this publica- 
tion. Though many books and pamphlets on malaria 
have been written by many authors, the situation 
as found in the state of California has received little or 
no attention by others. The contents of this book are 
based mainly on the conditions as the writer has found 
and studied them in this State during the past few years, 
and the suggestions for control are made as they have 
been applied by him and have been found successful. 

The subject of malaria control deserves the most 
careful attention of the best scientifically equipped 
men of this time, and to enter into this work no one, 
not even the most dignified scientist, needs to suffer 
abasement. There are still some few scientists who, 
under the shadow of scholasticism, disdain to give to 
mankind the facts in their hands to relieve suffering, 
who in their laboratories concern themselves with the mi- 
croscopical structure of disease bearing and disease caus- 
ing organisms and scorn the man who has the courage to 
step out of his laboratory and apply these facts for 
the welfare of humanity. All honor to the man who 
" » I, Google 



2 INTRODUCTION 

searches In his laboratory for the unknown mysteries 
of Hving things, but twice honor to the scientist who 
does this for the purpose of serving his fellow men. 

The great imperative call now going forth for 
young men and women to go back to the soil brings 
with it the responsibility to make life on the farm 
worth living. Malaria is notably a disease of rural 
districts. Many are responding to the call of ranch 
life and many are the colonists who are pouring into 
our fair valleys, and many are there who leave again 
after a very short time. Those who are familiar with 
the situation know very well that malaria is too often 
responsible for the departure. 

California is noted for Its healthful climate, and its 
natural resources in this respect are tremendous. 
Careful study and extensive travel in this vast empire 
of the Pacific have impressed me with its wonderful 
natural conditions conducive to good health, and the 
conservation and protection of these health resources 
is a problem of great moment. Malaria is a disease 
not indigenous to our soil, nor to our sunshine, nor to 
our luscious fruit, nor to the clear, cool waters that 
flow from the Sierras ; it is an alien that has crept 
in stealthily and has occupied the length and breadth 
of these fair valleys. California is not the only state 
that is suffering from this disease, but it is destined to 
be foremost in the great crusade to banish malaria 
from its boundaries. Natural conditions are favorable 
for control, and the people once alive to the situation will 
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INTRODUCTION 3 

act vigorously. The time when real estate men and 
chambers of commerce denounce anti-malaria efforts 
for fear of exposure is rapidly drawing to an end. As 
one editor has wisely said : "There are two kinds of 
boosting, both of which are good. There is the boost- 
ing that brings good things here, and the boosting that 
boosts bad things away." 
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ECONOMIC CONSIDERATIONS 

Mortality. — While malaria is not a highly fatal 
disease (the mortality being comparatively low, as will 
be seen), it is one of the most expensive diseases 
extant, owing to its continued weakening effect on 
the victim and its harmful influence on labor and real 
estate valuation. 

The following table and quotations after Howard 
(1907) give a fair estimate of the mortality in the 
United States due to malaria. The table is based on 
the registration area. 

TABLE I 

Deaths due to Malaria in the Registration States, 1900 
TO 1907. (After Howard.) 



Yeah 


No. or Deaths phob 
Malaku per ioo,<xo 


Total No. op Deaths 
PHOB Malaria 


1900 

1901 

I90J 

1903 

■904 

1905 

1906 

1907 


7-9 
6.3 
S-4 
4-3 
4-2 
3-9 
3-5 
2.8 


2434 
I79I 
1738 
I4IO 
I39I 
1321 
I4IS 
I166 



Total deaths 12,666 
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ECONOMIC CONSIDERATIONS s 

Howard comments on this table as follows: "Esti- 
mating from the preceding table, the average annual 
death rate due to malaria Is 4.8 per 100,000 popula- 
tion, and considering that the registration area includes 
only sixteen of the northern states (assuming fairly, 
however, that the death rate in the other northern 
states is the same), it seems reasonably safe to conclude 
that the death rate from malaria for the whole United 
States must surely amount to 45 per 100,000. It is 
probably greater than this, since the statistics from the 
south are city statistics, — and malaria is really a 
country disease. Yet this will give an annual death 
rate from malaria of nearly 12,000 and a total number 
of deaths for the same period {igoo-1907) of approxi- 
mately 96,000." 

Expensive to the State. — The best available statistics 
to set forth the economic importance of malaria for 
any one state are given us by the California State 
Board of Health. In 1909 there were 112 deaths 
from malaria in this State, with an average age of 
forty-four years at death. The table given us by the 
State Board of Health is based on these facts and the 
economic significance is shown in the various losses 
due directly or indirectly to the disease. 

No doubt, a similar table of expenses for any one of the 
more malarious central and southern states would show 
a correspondingly great loss, but nowhere in the Union 
are the possibilities for eradication so good as in Cali- 
fornia, owing to the long, dry summers. 

n,g,ucdb;/G00gIc 



Annual Losses from Malaria estimated to illustrate the 
Economic Significance of this Disease to the State of 
California. {After California State Board of Health.) 

Death of 112 citizens at ^1700, average economic value $190,400 

Sis thousand acute cases of malaria at average of $20 

per year for drugs, etc. I20,000 

Six thousand citizens' earning power reduced 25 per 

cent by malaria, estimated average income ^800 ■ 1,200,000 

Loss of life, wages, illness from other diseases given 
opportunity through lowered resistance brought 
about by malaria, estimating' 50 deaths at $1700, 
and 1000 persons ill at $100 each 185,000 

Loss through sacrifice sales of farms and moving ex- 
penses of families leaving malarial districts, estimat- 
ing 250 families at $500 125,000 

Loss through depreciation in land values, estimating 
$1 per acre only on 1,000,000 acres under irrigation 
in the Sacramento and San Joaquin Valleys . . . 1,000,000 

$2,820,400 

E^ensive to Community. — The foHowing itemized 
expense account (Table III) applies to the town of 

in the northern Sacramento Valley. In this 

town deaths due to malaria have been increasing, while 
the population in the same time has not increased ma- 
terially ; in 1909 there was one death, in 1910 there 
were three deaths, and in 191 1 there were five, -all 
reported due directly to malaria. The itemized ac- 
count is based on a careful investigation of data fur- 
nished by reputable druggists, physicians, and city 
officials, and is figured in a conservative manner. 

I,.. Google 



ECONOMIC CONSIDERATIONS 7 

TABLE III 

Showing the expense incurred in the year 1911 through the 
existence of malaria in the town of ^ — ■■ — ■ ■ ■, situated in the 
northern Sacramento valley, population about 4000. 

Quinine, 1100 oz. at 75 cents $822.50 

Quinine, 30,000 gr., 24 gr. at 10 cents 120.00 

Cocoa quinine, 40 pts. at 75 cents 30,00 

Patent medicines, estimated by druggists 1800.60 

Add 20 per cent for sales from drug store not included 

in above ' SS4-50 

$3327.00 
500 estimated cases of malaria attended by physicians 

(200 cases simultaneously) at $5 2500.00 

5 deaths due to malaria at $1700 8500.00 

SCO cases earning capacity reduced for a period of six 

months by 30 per cent, average annual income $860 ' 60,000.00 
Total annual loss due to malaria to the town of 

$74,327-00 

This does not include depreciation of real estate 
valuation, which may safely be estimated at 5 cents per 
jSioo assessed valuation. 

The loss inflicted on this town can without exag-- 
geration be placed at $75,000 annually, with every 
prospect of being increased proportionately unless an 
active anti-malaria campaign brings a stop to this great 
municipal leakage. As is shown later in this work, 
the number of malaria cases in any given protected 
area can be reduced at least 50 per cent in one year 
through the agency of an efficient malaria-mosquito 
campaign, followed by a reduction of 80 per cent in the 
second and pretty surely by 95 per cent in the third 
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8 MALARIA 

year through continuous systematic effort ; it can thus 
be seen what this community could save annually at an 
expenditure of about ^2000 each year. 

Estimating the loss for 1909 at ^15,000, for 1910 at 
$45,000, and 191 1 at $75,000, the total loss for the three 
years just past amounts to $135,000. Had an effi- 
cient crusade been in operation in 1909, the loss would 
only have been $7500, for 1910' it would have been 
$3000, for 191 1 ^ the loss would have been $750, a total 
of $11,250, to which must be added the probable cost 
of three years anti-malaria work, $6000, — ^ giving a 
sum total loss of $17,250 against a sustained loss of 
$135,000. Thus the community would have saved in 
the past three years the sum of $1 17,750, which amount, 
if expended in beautifying the town, building streets, 
and otherwise improving things, would have made it 
one of the most beautiful towns in the whole state, with 
a healthy and happy citizenship thrown in. Surely 
things will not improve by standing still ; malaria will 
continue to increase. It is none too early to begin 
operations at once and stop the wasteful leakage all 
due to this most wasteful of diseases. 

' Applying the percentage above (namely 50, 80, and 9; per cent) to the 
sustained loss for the year 1909, i.e. {15,000, 
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MALARIA AND ITS TRANSMISSION 

Historical. — Though there is even at this late date 
much popular and even some professional (medical) 
aversion and faithlessness in the so-called "mosquito- 
malaria theory," notwithstanding the great mass of 
evidence in its favor, it is shown by such writers as 
Nuttall (1899) that this theory has existed for many 
years among the Italian and Tyrolese peasants and the 
natives of German East Africa, and in the United 
States as early as the beginning of the nineteenth cen- 
tury. The same writer states, viz. : "It is curious to 
look over the more recent literature on the subject to 
see how writers have rediscovered the mosquito-malaria 
theory. In France the theory is ascribed to Laveran, 
in Germany to Koch and Pfeiffer, in England to Man- 
son, whilst in Italy the names of Bignami, Mendini, 
and, lastly, Grassi are identified with it. By far the 
most masterly exposition of the theory was written 
by King (an American, in 1883).' It is first mentioned 
by Laveran in 1891, by Manson in 1894, whilst Pfeiffer 
makes the first published statement of Koch's views 
in 1892. As far as I can gather, Bignami and Mendini 
refer to it in 1896 and Grassi in 1898." 

The credit for the discovery of the causative organism 

' Author's words in parenthesis. 
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lo MALARIA 

belongs entirely to Dr. C. L. A. Laveran, a French 
army surgeon in Algeria, who made the discovery 
in 1880. The fact that certain kinds of mosquitoes 
are the transmitters of this causative organism was 
discovered by the Englishman, Major Ronald Ross, 
while stationed in India. This discovery was made 
in 1898, and mankind owes no greater debt to a fellow- 
man thafi this. 

Circumstantial Evidence. — A several years* resi- 
dence in a notoriously malarial district, during the 
8o's and early 90's, has given the author much cir- 
cumstantial evidence at least to incriminate the mos- 
quito, though this was looked upon then as an inci- 
dental matter. Immediately following the great floods, 
when the valleys were inundated during late February 
and March and the receding water left behind it innu- 
merable pools and filled cellars and cesspools, there was 
much more malaria than usual, a fact always predicted. 
Coincidentally mosquitoes were unusually abundant, 
and especially the noiseless kind. Exceedingly warm, 
moist seasons always brought more malaria, while 
a prolonged drought was said to kill the disease, as dia 
the approach of cold weather. The connection be- 
tween the weather and relative abundance of mos- 
quitoes can easily be made. 

Furthermore, observations covering several years' 
residence in California, during which time the state 
has been carefully traversed several times^ bring 
home the fact that the southern part of the state is 
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MALARIA AND. ITS TRANSMISSION ii 

practically devoid of malaria, while the central and . 
northern counties, except those parts directly border- 
ing the Pacific Ocean, all have more or less of the disease. 
This condition is directly associated with the relative ' 
abundance of fresh water and consequently with the 
relative facility for the breeding of mosquitoes. The 
relation to irrigation will be touched upon later. 

i_A very common suggestion to escape malaria is to 
keep out of the "night air," closing the windows and 
all openings that might possibly permit the "night 
air" to enter. This again relates to the night-flying 
habits of the mosquito. 

In districts in which anti-mosquito campaigns have 
been waged with vigor there has quickly followed 
a decrease in malaria, no other precaution having 
been taken. Thus in the village of Penryn (Cali- 
fornia) the malaria absences in the public schools 
during the months of September to December were 
reduced by 45 per cent in only one season's work. 

The circumstantial evidence against the mosquito 
(in a broad sense) may be summed up as follows : — 

(i) Malaria exists endemically in districts where 
mosquitoes are present (all species except the Anoph- 
elines are eliminated experimentally) ; (2) malaria 
does not exist endemically where there are no mos- 
quitoes ; existing cases are without exception traced 
to a visit on the part of the patient to some part in 
which mosquitoes of the Anopheline type are found ; 
(3) persons protecting themselves from mosquito 
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bites while dwelling in malarial districts (otherwise 
living as do the natives) do not contract malaria ; 
(4) communities previously noted for malaria have 
been practically freed from this disease when efficient 
sewer systems have been installed; (5) properly 
conducted mosquito crusades result in the elimination 
of nearly 50 per cent of the cases of malaria within the 
district in the same season (the occurring cases can 
be accounted for through relapses and exposure to 
mosquito bites outside the protected districts). 

It should furthermore be said that malaria may be 
wholly absent even when there is an abundance of 
mosquitoes. In answer to this it should be explained 
that there are several hundred species of mosquitoes, 
of which number only two or three for any one 
locality are capable of transmitting malaria. Hence,^ 
first, the mosquitoes in such localities are probably 
all non-malaria bearing or CuHcine, with entire ab- 
sence of the malaria bearing species (Anopheline) ; 
or, secondly, if lAnopheline mosquitoes are present, 
they have not become infected by the importation of 
persons affected with malaria, i.e.] malaria must first 
be introduced before the Anopheline mosquitoes can 
carry it from person to person. ■ 

Experimental Evidence. — As is noted under the next 
head,! malaria is a parasitic disease caused by a blood- 
inhabiting unicellular animal organism discovered by 
Laveran in 1880. This parasite, as far as is known, 
perishes very quickly when taken from the human 
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MALARIA AND ITS TRANSMISSION 13 

body with extracted blood.') Manifestly, then, malaria 
cannot exist in water, nor in air, nor in overripe fruit, 
or the like. 

Water used for drinking purposes that was suspected 
of being responsible for malaria in a given district was 
used continuously in two communities (Penryn and 
Oroville, California) during their anti-mosquito cru- 
sades while malaria was on a steady decrease. The 
sanitary inspectors drank this water, ate freely of 
the ripest fruit during this time, exposed themselves 
to the severest heat of the day, and yet remained free 
from malaria, exercising, of course, the proper night 
precautions. 

V It is well known that malarial blood taken directly 
from a patient suffering from malaria shows flagellated 
parasites., 'j^Ross, in 1895, in his observations in India 
found these flagellated bodies in the intestine of mos- 
quitoes which had fed on the blood of malarial patients. 
Many experiments were made and hundreds of mos- 
quitoes examined during the next few years by Ross. 
The most striking condition found in some of these 
mosquitoes was the development of pigmented cells 
in the stomach wall, the pigment corresponding to 
malaria pigment. Some of this number gave positive 
results, while the majority gave negative results. Those 
that furnished the positive results were of a particular 
species, and this gave the clue that the malaria parasite 
required a particular species of mosquito to serve as 
intermediary host. The connection between the flagel- 
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lated bodies and the pigmented cells was furnished by 
MacCallum in 1898. He found that the function of the 
flagellated cells was that of an impregnating body; 
that each flagellum, of which there were several to 
each cell, impregnated the spherical parasite. Mac- 
Callum's observations were made on the Proteosoma 
of birds, also known as "bird malaria." Using the 
Proteosoma as a basis for his further observations, 
Ross found that the pigmented cells migrating through 
the stomach wall of the mosquito,' and encysting just 
beneath the peritoneal lining, grew steadily for three 
or four days, forming spindle-shaped bodies, which were 
shed into the body cavity and in six or seven days after 
feeding were found in vast numbers in the salivary 
glands. 

Grassi's experiments and observations in the Roman 
"^Campagna and Sicily proved that human malaria was 
carried solely by Anopheline mosquitoes {Anopheles 
claviger). Nuttall describes one of the early experi- 
ments of Grassi and Bignami as follows: "Mosquitoes 
comprising the three species, Culex penicillaris, Culex 
malaria, and Anopheles claviger were collected at 
Maccarese, a malarial foyer 22 miles from Rome on 
the Civita Vecchia Road. The insects were brought 
to Rome, where they were allowed to bite a patient 
(who consented to the experiment) in the Santo 

' It should be noted here that Culicine mosquitoes (Cvlex pipiens) are 
the transmitters of Proteosoma, though inefficient as transmitters of Plas- 
modium or human malaria. 
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Spirito Hospital. The patient, a man who had been 
an inmate of the hospital for six years, had never 
had malaria. He was confined at night in a room in 
which vessels containing mosquito larvae were placed, 
and a new supply of these was placed in the room every 
four to six days. The patient was severely bitten by 
the mosquitoes which developed from the larvae. The 
result was that the man acquired malaria, with sestivo- 
autumnal parasites in the blood. The details of this 
experiment were published by Bignami ; Grassi be- 
lieved that infection was due to the agency of the first 
species above named, as it was the most numerous. 
A. claviger was only present in exceedingly small num- 
bers, and perhaps none of this species bit the patient. 
(It has since been proved that It could only have been ■ 
A. claviger that caused infection.)" 

The above description might lead one to believe that 
the parasite of malaria is transmitted from the adult 
mosquito to its larva, since the patient was bitten by 
the mosquitoes developing from the larvae, but it does 
not say that he was not bitten by the originally in- 
fected mosquitoes. 

The following quotation from Manson ' concludes 
the experimental evidence. "Finally, on behalf of 
the Colonial Office and the London School of Tropical 
Medicine, with the assistance of Drs. Sambon and 
Low, I instituted two experiments which dispose for 
good and ail of any objections that otherwise might 
'Manson, Sir Patrick, 1909. "Tropical Diseases." 
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have been advanced against the theory. Drs. Sambon 
and Low, Mr. Terzi, their servants and visitors, 
lived for the three most malarial months of 1900 in 
one of the most malarial localities of the Roman Cam- 
pagna, Ostia, in a hut from which mosquitoes were 
excluded by a simple arrangement of wire gauze on 
the doors and windows. They moved freely about 
in the neighborhood during the day, exposed them- 
selves in all weathers, drank the water of the place, 
often did manual work, and beyond retiring from 
sunset to sunrise to their mosquito-protected hut 
observed no precautions whatever against malaria. 
-TiieyL^took no quinine. Although their neighbors, 
the Italian peasants, were each and all of them attacked 
with malaria, the dwellers in the mosquito-proof hut 
enjoyed absolute immunity from the disease. Whilst 
this experiment was in progress mosquitoes fed in 
Rome on patients suffering from tertian malaria were 
forwarded in suitable cages to the London School of 
Tropical Medicine, and on their arrival were set to 
bite my son, the late Dr. P. Thurburn Manson, and 
Mr. George Warren. Shortly afterwards both of 
these gentlemen, neither of whom had been abroad or 
otherwise exposed to malarial influences, developed 
characteristic malarial fever, and malarial parasites 
were found in abundance in their blood, both at that 
time and on the occurrence of the several relapses of 
malarial fever from which they subsequently suffered. 
"The mosquito-malaria theory has now, therefore, 
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passed from the region of conjecture to that of 
fact." 

Malaria. — Malaria is a widely distributed disease 
prevalent to a greater or less degree on every conti- 
nent, in parts where there is an average summer 




Fia, I. To illustrate detection of majaria pa 
corpuicle ; b, young intracorpuscular parasite ; i 
e, free female crescent ; /, free male or hyalice t 



a, normal, UDpamsitized red blood 
ring ; d, intracorpuscular crescent ; 
; g, female aval. 



temperature of not less than 60° F., and while not 
restricted to the lowlands, does not occur abundantly 
in high altitudes. The disease is known to occur 
endemically in Java, Madagascar, and elsewhere at 
an elevation of 3000 feet. 

Malaria symptoms, even though very slight, are 
usually manifested in the form of a paroxysm con- 
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sisting of three well-defined stages, viz. : the cold 
stage (the chill), in which the skin becomes pale and 
appears as "goose skin," the patient's teeth chatter, 
and he shivers more or less violently ; the next stage 
is the hot stage, or fever (the temperature rises during 
the chill), the skin being now hot and flushed ; the third 
stage is manifested by the appearance of perspiration, 
which becomes general all over the body ; the fever 
falls, and the patient becomes normal. In many cases 
the stages are not easily distinguishable. 

The term "malarial fever" is quite commonly applied 
to many conditions of ma/aiV^ associated with fever. 
It is not safe to conclude that the case is malaria until 
a microscopical examination of the blood indicates 
the presence of the intracorpuscular parasites or 
crescents (Fig. i). 

The Parasite. — The malarial parasites {Plasmodia) 
belong to the lowest forms of animal life, the Protozoa 
(Subphylum Sporozoa, Class Telosporida, Sub-class 
Hsemosporida) . The pigment of these blood -cor- 
puscle- inhabiting parasites is black and character- 
istic, and their presence usually gives rise to a periodic 
fever, due to their asexual reproduction (sporulation) 
in the human blood at regular intervals. 

To detect the presence of the parasite a drop of 
blood is drawn from the lobe of the patient's ear or 
finger tip, after proper cleansing, the droplet of blood 
being lightly touched with a glass microscopical slide, 
upon which the film (smear) is made by gently and , 
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evenly spreading the droplet by means of a needle. 
The film is fixed and stained with a good malarial 
stain. If parasites are present in the blood, they should 
be visible after careful microscopical examination as 
pigmented intracorpuscular bodies, or as crescents 
in Eestivo-autumnal fever of ten or more days' duration. 
Microscopic examination under an oil-immersion lens 
is desirable, though crescents can easily be seen under 
lower powers. 

The ease with which parasites can be discovered in 
a blood smear depends on several important factors, 
— first, on. the length of time that the patient has had 
malaria, i.e. the parasites may be so few that they will 
be hard to find. Ross states that the parasites "will 
not generally be numerous enough to cause illness 
unless there is at least one parasite to 100,000 hiema- 
tids ; that is, 50 parasites in i c.mm. of blood ; or 
150,000,000 in a man 64 kilograms in weight. . . . 
Such calculations demonstrate the absurdity of sup- 
posing that there are no plasmodia present in a person 
because we fail in finding one after a few minutes' 
search. As a matter of fact, even if as many as 150,- 
000,000 Plasmodia are present in an average man, the 
chances are that ten to fifteen minutes' search will be 
required for each Plasmodium found ; while if we are 
careless or unfortunate, we may have to look much 
longer." 

In the second place, if the patient has recently taken 
quinine, the chances for the discovery of parasites are 
virtually reduced to nil. vtolc 
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The various types of malaria are due to the fact that 
there are several species of parasitic plasmodia, each 
of which produces specific symptoms. Three distinct 
types are usually recognized : (i) jEstivo-autumnal or 
Malignant Tertian, (2) Tertian or Benign Tertian, and 
(3) Quartan. 




Fig. 3. Diagram to show spedes of malaria paradtes with refeieoce to red corpuscles, 
liementation. and SDorulation. abc. bcmzn tertian narasite i Plasmodiuyn 
nalignant 



full-grown Plasmodium d»» . 
A', young Plasmodium praa/x. 



..^ ■^. al fever {Pfciimodium pracox) ; a''b"c", quar- 

maiofta) ; a, a', a", normal unparaaitiied corpuscles; *, nearly 
I enlarged corpuscle ; c, sporulating speciineD of the 



uiiui^eu corpuscle ; t, ^purum. ^ ^ 

acoxi c , spotulating specimen of the same ; b", young spedmen of 
sporulating spedmen of the same. (Redrawn and adapted after 



a. Plasmodium, pmcox {Hesmamceba precox, Plas- 
modium falciparum, Plasmodium immaculatum) Is 
the cause of jestivo-autumnal fever (malignant ter- 
tian fever) of the tropics, with the paroxysm recurring 
every forty-eight hours. The pigment granules in 
this species are relatively few and very coarse (Fig. 
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2, b'). The segmenting stage (Fig. 2, c'), which is rarely 
seen in the blood, is said to produce only from eight 
to ten merozoites, according to Stephens and Chris- 
tophers, while Deaderick states that the number varies 
from five to twenty-five and over. Characteristic 
crescents (Fig. i) or gametocytes (sexual formsj are 
commonly observed in cases of ten or more days' 
duration. Crescents occur in this species only. The 
female crescents show the chromatin material well 
concentrated in the mid-region, with slight stippling 
at both ends, while the male crescents present a thinly 
scattered chromatin with both ends hyaline (these are 
also called hyaline bodies or hyaline crescents). Cer- 
tain relapses after some months' latency are said to 
be traceable to a parthenogenetic cycle in the female 
crescents, which produce merozoites, and these attack 
the red blood corpuscles, as do the ordinary sporulated 
forms. 

Enlarged parasitized corpuscles occur in this species, 
""but merely as a coincident, since enlarged corpuscles 
commonly occur in anaemia, and these may be entered 
by the sporozoites. 

b. Plasmodium vivax (Hamamceba vivax) is the 
cause of tertian fever or benign tertian malaria of 
temperate climates, also the tropics and subtropics,, 
with recurrent paroxysms regularly every forty-eight 
hours. In these parasites the pigment granules (Fig. 
2, b) are very fine and are distributed throughout the 
red corpuscle as Schiiffner's dots. The parasitized 
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corpuscles are distinctly enlarged and are quite pale. 
There are no crescents in this species, and the gametes 
are not easily distinguishable from the asexual parasites. 
The number of elements in the sporulating or segmen- 
tation stage (Fig. 2, c) is larger than in the former, and 
their arrangement is irregular (fifteen or more, accord- 
ing to Stephens and Christophers). 

c. Laverania malaria (Plasmodium molarity, Hesma- 
mceba malaria) is the cause of quartan fever, with 
recurrent paroxysms every seventy-two hours. This 
form of malaria is comparatively rare, and coincides 
in distribution with aestivo-autumnal fever. In the 
parasites the pigment is coarse and generally occurs in 
a streak along the margin (Fig. 2, b"). The parasitized 
corpuscles are commonly shrunken and may appear 
as "brassy bodies." The gametes are rarely seen. 
The segmenting stage gives rise to the typical "daisy" 
form, each sporulated body radiating from the center 
(Fig. 2, c"). The number of bodies varies from six 
to twelve, oftenest eight (Deaderick). 

The signet ring (Fig. 3) is a young stage in the de- 
velopment of the intracorpuscular parasite of all species, 
and is characterized by a broken ring, whose ends are 
connected more or less loosely by a chromatin dot, 
which in the ^stivo-autumnal parasite may be double. 
The chromatin dot is often inside the ring, but ordi- 
narily nearest the thin segment of the ring. 

Life History of the Parasite. — Only one phase of 
the life history (the asexual), or cycle of Golgi (repeated 
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sporulation every forty-eight or seventy-two hours, 
as the case may be) (Fig. 4, 1-6), is passed within the 
human body; therefore if a human were only once 
infected with malaria and were to undergo no treat- 
ment, the parasites would probably eventually dis- 
appear, even in the absence of treatment, owing to 
their senescence after repeated asexual sporulation, 



Fio. 3. SigDet nog stage of malaria para^te. 

and what is probably more important, the production 
of a toxin which is destructive to the parasites. There 
Is apparently, however, parthenogenesis, in which 
female crescents give rise to new blood-cell attacking 
parasites, which may give rise to a recurrence of the 
malaria paroxysm even after a long latency. There- 
fore in order to continue the race, i.e. to provide for 
sexual rejuvenation, these parasites must find their 
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nevly injecled into humaa circulAtbop a represents a red blood coipusck about to be parasitiEed by 
a 5P<^o£oite; 3 shows a youD^ parasite in signet ring form; 4, fully grown paiaaite with dividiog 
nuclei; 5 shona parasite sporulated, but still iotracorpuscular; 6. sporulation, each body a metozoiCe 
ready to enter a. new corpuscle; some are sexual aod raa-j; develop into gsraetea; 7a, female gaineti}- 
cyle, Mill intracorpuscular; 76^ male Eametocyte, also intracorpuscular; Ba, free female crescent^ 
which may sporulale, producinj! a paitheooeenetic cycle (», i, y.-i); 84, male gametocyte or hyaline 
1:RKent (crescents do not ordinarily appear in the blood until ten days or more after infection); 
5-w illustrates the sporogonic or sexoaf cycle of tlie parasite within the body of a female Auoj^eJJDC 
mosquito, reguiiing six ta ten days and over to complete; ga, ^, female and male gametocytea in 
stomach cavity of mosquito; lod, female gamete (macrogametel ; loA, eiflage Hated male gameto- 

13, ookineteorzy^te ready to penetrate stomach; 14, ookinete burrowing through stomach wall; is, 

jp'owing progressively larger; {16-ig) in which the paraute sp^imt«s, forming the sporoxoitea; 

(14-10 requires 5 daya or more) ; si, salivary glands of female mosquito; 33, beadof female ADoph- 
elea. tOriginaJ, with suggestions from Gcassi and Scbaudin in Mense's HantUiuch.) 
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way out of the human body, and in this connection 
it is interesting to note that the early phases of the 
sexual cycle may be undergone on a glass slide, in 
a blood smear, but owing to temperature conditions 
and most particularly lack of proper chemical con- 
ditions, the organisms die in a few minutes. Any 
blood-sucking insect or mechanical means of drawing 
blood may produce the same result ; but if this blood, 
however much parasitized it may be, is swallowed by 
any other insect than the Anopheline mosquito, both 
blood and parasites are digested as food. But in the 
Anopheline mosquito the sexual cycle is completed; 
therefore this insect is the definitive host. I 

In the asexual stage there are present the gametes 
(sexual parasites) which are distinguishable from the 
asexual forms by "(i) their larger size, (2) by more 
abundant pigment, (3) by the fact that there is only 
one fairly large chromatin mass, whereas in an asexual 
form of nearly equal size the chromatin has already 
begun to divide into several portions (presegmenting 
stage)." ' The iestivo-autumnal gametes (crescents) 
have already been described. 

If, now, a malarial patient with gametes (sexual 
parasites) present in the peripheral circulation is bitten 
by an Anopheline mosquito, the conditions are right 
for the completion of the sexual cycle in that in- 
sect (Fig. 4, 9-20). The male gametocyte undergoes 

> Stephens and Chngtophers. "Practical Study of Malaria." Liverpool 
Univ. Press, 1908. 
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marked changes, extruding from three to six flagella 
often in a few minutes ; each of these flagella breaks 
loose from the parent body, forming the male gamete 
(spermatozoon), which in the stomach of the mosquito 
fertilizes the female gamete, forming the ookinet (also 
called vermicule), In which stage the wall of the stomach 
is penetrated and a position is taken up just beneath 
the membrane forming the outer stom- 
ach lining. In this position the para- 
sites grow enormously, forming cysts 
(Fig. 5) in which many nuclei appear 
in four or five days ; these give rise to 
myriads (thousands) of spindle-shaped 
bodies (sporozoites) which are in from 
mid^t (stomado'ol twenty-four to forty-eight hours more 
^TS?o"3kria shed into the body cavity of the mos- 
f^s'Sth 1^T.T- q"ito. The sporozoites eventually col- 
MllCai,"?""'"'"^ lect in the salivary gla'nds and are 
injected with the saliva into the cir- 
culation of the next person bitten. The time required 
for the sexual cycle is from seven to ten days under 
favorable temperature conditions. 

With the introduction of the sporozoites into the blood 
of a human being the asexual cycle begins, and the 
victim may show clinical symptoms of malaria in ten 
to twelve days in sestivo-autumnal fever after being 
bitten, and in five or six days in benign tertian. The 
red blood corpuscles are at once attacked, the parasites 
gaining entrance and growing, full asexual growth 
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being reached in forty-eight or seventy-two hours, 
according to the variety of the parasite. At the 
termination of growth sporulation occurs, and the 
paroxysm takes place, corresponding to the liberation 
of the new generation of parasites (merozoites) in the 
blood plasma. Again the red corpuscles are attacked 
and the asexual round continues. 

The malaria pigmented spleen and liver give evidence 
of the enormous activities of the leucocytes in captur- 
ing the parasites as they are set free in the blood plasma. 

Time Factor. — Although there are some localities 
in which the inhabitants are all infected with malaria, 
newcomers or visitors may or may not soon fall a prey 
to the disease, for the reason that not more than 25 
to 35 per cent of the Anopheles mosquitoes are in- 
fected during the height of the season, and correspond- 
ingly less early in the spring. This is dependent upon 
both the time when the infected person and the next 
victim are bitten. Obviously the mosquito cannot 
transmit malaria when there is none present to be 
transmitted ; again, the sexual parasites (gametes) 
must be in the peripheral circulation when the mosquito 
bites the infected individual ; and again after the mos- 
quito becomes infected a period of not less than six 
days (possibly five in benign tertian, and twelve days 
in sestivo-autumnal) must elapse before a new victim 
can be inoculated, i.e. the time required' for sexual 
development of the parasite. This incubation period 
may be prolonged through reduced temperature, with 
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apparently no development in low temperatures (ac- 
cording to Manson this phase of the malaria parasite 
requires a "sustained average temperature of at least 
60° F."). Thus it will be seen very readily that the 
time factor plays an important role in the transmission 
of malaria. 

Is Malaria inherited by Mosqmtoes ? — For the 
reason that malaria is said at times to be contracted 
by explorers who have entered uninhabited territory, 
it is believed by some that the mosquitoes of the said 
territory had become infected perhaps years ago and 
that the parasite has been handed down from genera- 
tion to generation from the female to the ovum, ovum 
to larva, and thus through the mosquito cycle. The 
fact that Texas cattle fever is thus inherited and in- 
fection is secured through the young seed tick seems 
to lend some weight to the argument. Explorers and 
others who have malaria in uninhabited regions have 
pretty surely become infected before entering such 
territory, and the disease is merely brought on by 
fatigue or even in due time after infection, correspond- 
ing to the incubation period. 

Knowing the life history of the parasite, it would 
be more reasonable to suspect that other warm-blooded 
animals besides man may harbor the protozoan during 
its asexual cycle, a matter not, however, as yet proved. 

Furthermore, specimens of Anopheles maculipennis 
larvae were transported by the writer from an intensely 
malarial district to Berkeley and the adults reared from 
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these were permitted to bite healthy students, and in no 
case was the disease produced. 

Anopheline Species Concerned. — Although no Anoph- 
eline mosquito should be trusted, there are com- 
paratively few species that have been proved ex- 
perimentally to be carriers of malaria. Anopheles 
maculipennis is for California the most dangerous 
species, since it is most common in midsummer and late 
autumn, while Anopheles punctipennis is most numer- 
ous in the spring. 

Several other genera of exotic Anopheline mosquitoes 
(India and Africa) include malaria-bearing species, 
among them Cellia, Nyssorhynchus, Myzorhynchus, and 
Myzomyia. 

The following key will be found useful in classifying 
adult Anopheles occurring in California. 

Key to Subfamily Anopheline for Species occurring in 
California. (As suggested by Mitchell.) 
Palpi nearly as long as proboscis in both sexes. Wings dis- 
tinctly spotted Subfam. Anophelinse. 

I. With usually four, sometimes five or three, black spots on 
each wing .... Anopheles maculipennis Meigen. 
II. With more than five black spots on each wing. 

a. Last vein of wing with three black spots. Thorax not 

distinctly marked . Anopheles crucians Wiedemann. 
aa. Last vein of wing with not more than two black spots. 
Thorax with distinct, broad, light median stripe. 

b. Scales at base and tip of last vein black, remainder white 

Anopheles punctipennis Say. 

hb. Scales on basal half of last vein white, remainder black 
Anopheles franciscanuj McCmcken. 
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Mosquitoes and their Allies. — As members of the 
insect order Diptera the mosquitoes partake of the 




FiO. 6, A shows portion of wing of Anopheles mosquito, illustratiDg characteristic 
scales of the family Culicidae and spots of Anopheles, B, Diagram of the wing of a mos- 
quito with names of cells and veins useful in dassifiealion. (Adapted after CoquiUett.) 

general characters of the order, namely, reduction of 
the posterior pair of wings which are represented by 
a pair of small, knobbed organs known as the halteres, 
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or balancers, most distinctly seen in the crane flies 
(Fig. 7). The family CuHcidae belongs to the first 
subdivision of the Diptera, i.e. the Nematocera, by 
virtue of the filamentous antennEe (the second sub- 




division is the Brachycera represented by the horse- 
flies (Tabanidae) and house flies (Muscidse). 

The CulicidEe are distinguished from all other Nema- 
toceran Diptera by the presence of scales on the wings 
and body (Fig. 7). The proboscis (Fig. 8) is long and 
suited for piercing, though not all of the Culicidse are 
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blood sucking, and even the sexes differ in this respect, 
i.e. the males of all species are said to lack this habit. 

There are many Dipterous insects which may be 
mistaken for mosquitoes without more careful examina- 
tion. The most commonly mistaken forms are mem- 
bers of the family Chironomida 
(Midges) (Fig. 9), which will 
be found to lack the long, 
piercing proboscis of the mos- 
i quitoes, and also lack the scales 
on the wings and the body. 
Oftentimes there appear in- 
doors on the windows rather 
large mosquito-like insects, the 
crane flies, of the family Tipu- 
lidcE (Fig. 7). This group of 
,_6 Diptera is also devoid of the 
"^ Culicid characteristics and fur- 
ther distinguished by the pres- 
ence of a V-shaped suture 
situated dorsallyonthe thorax. 
The Dixidce (Dixa midges) 
also resemble the mosquitoes. 
More closely allied to the mosquitoes and belonging 
to the same family are the members of the genera 
Corethra (Fig. 10) and Mochlonyx, but these have a 
short, blunt proboscis not well adapted for anything 
but lapping up liquids freely exposed, therefore not 
of the piercing type. 
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posed. T, threadlike anlenna 
compound eyea ; 3, dypeu! 
labium; s, I»beUa; 6, mandibi 
maxilla;; S, majiiliary palpi; 
brum; 10, labium-epipharyui. 
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Structural Characters of Systematic Value. — The Culi- 
cidse are subdivided into two subfamilies on the basis 
of relative length of palpi and proboscis, viz. Culi- 
cina (Fig. 11, fl), in which the palpi of the female are 
shorter than half 
the length of 
the proboscis, 
and in Anophe- 
lina (Fig, 11, c) 
the palpi of the 
female a re nearly 
or quite as long 
as the proboscis. 
The males (Fig. 
1 1, b) in both 
subfamilies are 
provided with 
somewhat hairy 
palpi as long as 
or longer than 
the proboscis. 
The determina- 
tion of the gen- fig. 9. 
era and species 
rests quite largely on the character of the scales and 
the tarsal claws (ungues) (Fig. 12). The scales 
on the wings and body are of several varieties, as 
shown in Fig. 13. The occurrence and arrangement 
of these scales upon the head, thorax, abdomen, and 
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wings provides a basis for distinguishing the genera, as 
illustrated by Fig. 14. Stephens and Christophers 
state, viz. : "The genus Anopheles . . . has upright 

forked scales 




Smith.) 

(2) a few upright forked, and (3) flat scales covering 
the whole of the head." 

The ungues or tarsal claws are also useful characters 
in classification locally considered. In some species 
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the claws are toothed (Fig. 12, b) and in others the 
claws are not toothed (Fig. 12, a). 





1 

b c 



The spotting of the wings is not a safe means for 
dividing the Culicinse from the Anophelina;, although 



Fio. II. Ungues or tarsal ctaw3 of mosquitoes, (a) Theobatdia, (b) Anopheles, (c) Culex. 

all species except two or three species of Culicines have 
clear wings, and all but a few Anopheline mosquitoes 
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have spotted wings. A CuHcine mos- 
quito, Theobaldia incidens, very com- 
monly found in California, has con- 
spicuously spotted wings. 

Sexual Differences. — The males of 
all species of mosquitoes, as far as 
known, are provided with plumose 
antenrus (Fig. ii, b), while in the fe- 
male these organs are slender, thread- 
like, and covered only with short 
lateral hairs. In the males the palpi are long (as long 
as or longer than the beak) conspicuous, jointed organs, 
and quite hairy (Fig. ii, b). In habit the sexes differ 



Fio. 13. Varieties <A 
Culidd scales, a, b, c, 
head scales: (a) aarrow 
curved ; (A) upiigbt forked ; 
ic) flat; (d-*) thoradc 



Stephen 



Christo- 
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quite markedly ; the males do not feed upon blood, and 
are consequently less frequently found around human 
habitations. Sweeping with the insect net through 
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low grass, or other low vegetation, will usually result 
in the capture of males if there is a breeding place near 
and it is the proper season. 

Internal Anatomy. — To be prepared to study techni- 
cally the relation of mosquitoes to such diseases as 
malaria and filariasis, the student must be familiar 
with the internal structure of these insects, which 
possess specializations of importance. 

The alimentary canal is separable into three regions, 
the fore, mid, and hind gut, each of which is again sub- 
divided into distinct parts. Thus the fore-gut con- 
sists of the sucking tube of the proboscis and the 
pharynx, including pumping organ and the cesophagus 
with its diverticulte; the mid-gut consists of a narrower 
anterior portion (proventriculus) and a wider posterior 
portion {stomach), the entire structure occupying the 
thorax and much of the abdomen, being limited by 
the origin of the five malpighian tubules which indicate 
the beginning of the intestine or hind-gut ; the hind- 
gut is bent on Itself several times and consists of the 
ileum., colon, and rectum, and marked anteriorly by a 
slight constriction (Fig. 15). 

The salivary system consists of two sets (right and 
left) of salivary glands, three glands to each set. These 
organs are situated ventrally in the anterior portion 
of the thorax. The three central ducts meet to form 
a single tubule, which again meets the one from the 
opposite set of glands, uniting to produce the common 
salivary duct. This common duct empties its contents 
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into the oesophagus through the salivary receptacle 
close to the base of the proboscis. 

The reproductive system of the female mosquito 
occupies the posterior portion of the abdomen and 
comprises a pair of ovaries joined by a pair of oviducts 
terminating in the vagina and ovipositors ; one to three 
(depending on the species) spermathecEe are also pres- 
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Pig. 15. Internal anatomy, in part, of a mosquito, a, head; i, tlioraj; c, abdomen; 
ant., antenna; flp., palpus; prb., probosds; br., brain; sbbt., subcesopbageal ganglion; 
Hi*., ventral nerve chord; pA., phatynit; «!., ecsophagus; rei., food reservoir (cfficum), of 
which Cbere are three; prav., proventriculus ; si., stomach or mid-gut; 3.. ileum; col., 
colon; reel., rectum; mpgt,, mslp^hian tubules; 10/., salivaiy gland; sairsvr., salivary 
reservoir; fo^., salivary duct. (As suggested by various authors.) 

ent. The spermathecse of an impregnated female 
contain myriads of spermatozoa, and the ovaries when 
mature occupy the larger part of the abdomen. 

Life History of Mosquitoes. — A general statement 
of life history as found in mosquitoes is not possible if 
the time for the transformation Is desired, because 
this factor varies considerably for the genera and even 
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for the species. However, it may be said with cer- 
tainty that all the species pass through a complex 
metamorphosis represented by the usual stages, egg, 
larva, pupa, and adult (Fig. 20). The larvae are com- 
monly called "wrigglers" and the pupEe "tumblers." 
Water in which to pass the early stages is absolutely 
essential. The eggs may be deposited on wet mud and 
the larvae may exist for some hours in similar situations. 
The experiments recorded by Dr. Howard are of con- 
siderable interest, and he reports thus : — 

" In no case, however, were we able to revive larvae 
in mud from which the water had been drawn off for 
more than forty-eight hours, and after twenty-four 
hours only a small proportion of the larv^ revived." 

The eggs of mosquitoes are deposited from early 
spring to early autumn, and in warmer parts of the 
country active "wrigglers" maybe found throughout 
the year. The writer has found nearly full-grown larvae 
in parts of California in January and pupte from which 
occasional adults emerged during the month of Febru- 
ary. These overwintering larvae are quite certainly from 
eggs deposited late in the autumn, and the growth is 
comparatively slow. The adult mosquitoes which 
make their appearance the earliest in the spring are, as 
a rule, individuals which have been in hibernation 
during the winter. Probably about ten days Is the 
shortest time required for any of the commoner species 
of mosquitoes to pass through the various stages. 
Howard gives the time for Culex pungens as " sixteen 
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to twenty-four hours for the egg, seven days for the 
larva, and two days for the pupa." From this rather 
short Hfe-history period the time required to pass 
through the same transformations may be two or three 
weeks under average temperature conditions, and under 
lower temperature conditions may be several months. 
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Anopheline Characteristics. — As already stated, the 
subfamily Anophelinse is distinguished from the Culi- 
cinse by the presence of 
long palpi in both males 
and females (Fig. 1 1, b, c). 
The proboscis is always 
straight and the scutellum 
is simple, never trilobed 
(Stephens and Christo- 
phers) . The commoner 
Anophelinespeciesof North 
nerica have also a character- 
:ic resting attitude, i.e. the 
idy is usually thrown up at 
I angle with the surface upon 
lich the insect Is resting ; this 
igle is the greatest when the 
dividual is resting on the 
iling, for the reason that grav- 
f acts on the heavy abdo- 
men. When resting on a table 

Fio. i6. Chatacleristic attitude , , . ^ i _/ _U'. 

of adult mosquitoes, (a) Anopheles or Other hoHZontal surtace, this 

(malaria bearing), with body nor- , . y ii 

pmiiy.iu..agi,oiirom.s"ioss' angle IS Hot SO great. In all 
«b^,|».«„;(.)M»,i»i, ^^^^^ j^^ proboscis is nearly 
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also less audible; where the *"'« " Mosquito .ggs. wcu- 

licine eggs from 3so to 750 m boats; 
Culicine mosquito produces a <?' Anophdine eggs (after Howard) 
singly from as to 73- 

high-pitched, tantalizing tone 

and is quickly brushed away, the Anopheles may alight 
and actually proceed to pierce the skin of the victim 
before it is detected. 

The Eggs. — The Anopheline female deposits from 
25 to 125 eggs, while the Culicines lay 
from 250 to 750. In the former (includ- 
ing Stegomyia calopus) the individual 
eggs lie flat on the surface of the water 
and often form geometrical figures with 
each other, owing to their peculiar form ; 
in the latter (CuHcine) (except Stegomyia 
calopus) the eggs are placed on end, form- 
ing a boat-shaped pack or raft (Fig. ly)- 
On examination it will be seen that the individual* 
Anopheline egg is provided on the upper surface with 
a pair of floats midway upon either side, together with 
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corrugated edges extending nearly the length of the egg. 
The individual Culex egg tapers decidedly at the 
upper end and terminates at the base in a globular 
organ called the "micropilar apparatus" (Fig. 18). 

The Larrse. — The larvK of Culicine mosquitoes are 
always suspended from the surface of the water at 



Fig. 10. Mosquito larv* in natural -.1^ larva* lie hnriVnnTal 

poation in the water, (o) larva or wrig- ^"^ larVK lie nOriZOntai, 
gler.otCulidLe mosquito; (6) larva of the '^L ^ lp.aot tspvpral Kndv 

AnopheliDe or malaria bearing mosquito. ^^^" ^^ '^^^"^ Severai DOOy 

segments coming dorsally 
in contact with the film (Fig. 19). At the points 
of contact will be seen prominent fan-shaped hairs. 
The eighth abdominal segment in both groups is pro- 
vided with a specialized organ through which the 
trachea (breathing organs) come in contact with the 
outer air. In the Culicinae this apparatus is prolonged 
into a definite breathing tube (siphon), while in the 
AnophelinK this tube is absent, or only slightly pro- 
tuberant, and not chitinous, as in the CulicinK. 
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The movements of Anopheline larvse are very much 
more jerky than the CuHcine, the wriggHng motion 
of the latter being wormlike. The former are also 
not so easily seen as the latter, probably due to their 
horizontal position in the water. On wading into a 
swamp there may be no larvae visible, but on turning 
around and looking into the muddy water caused by 
wading, the larvse are plainly seen, i.e. distinctly out- 
lined against the now yellowish background. 

A close examination of the feeding Anopheline larvae 
will show that the head is turned dorsally and the 
smaller organisms (animal and vegetable) near the sur- 
face form the main objects of diet. The Culicine larvae 
usually feed on organisms deeper down and In the 
edges of the pools, after going down in search of these 
objects. 

The Pupte. ^The pupae, or nymphs (Fig. 20, c), of 
all mosquitoes are very similar. In all cases, instead 
of the single posterior breathing apparatus of the larva, 
there are present a pair of breathing trumpets located on 
the thorax, i.e. anteriorly. The position of these trum- 
pets in the two groups of mosquitoes is different and 
fairly distinctive, i.e. they are located farther forward 
on the thorax in Anophelinae, near the middle, and open 
broadly in this group, being more slender and relatively 
longer in the Culicinae. 

In position also the two groups differ somewhat, i.e. 
the Anopheline pupae hang more horizontally and the 
heavier head end is relatively longer. 
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Life History. — As in all other mosquitoes and in- 
sects in general, the life history (Fig. ao) depends greatly 
upon temperature and moisture. In early spring and 
late autumn the development is retarded, owing to the 
lower average temperature. Again, if not sufficient 
moisture is present, the eggs will not hatch readily. 

In midsummer the egg stage is rarely longer than 



Fig. 20. Showing the life history of the nialaiia mosquito (Anopheles), (a) egg (after 
Howard); (H larva or wriggler ; (f) pupa or tumbler ; (d) adult mosquito. Time required 
ttom egg to the adult ia aliout twelve days in tnidsuminer. 

twenty-four hours' and often nearer twelve hours' 
duration. The larva emerges by pushing the cap 
from the egg, and begins its existence in the water, 
usually clinging close to debris or scum. The larval 
stage is most easily affected by temperature changes, 
but lasts usually from twelve to fifteen days, during 
which period the skin is shed several times. The change 
into the nymphal or pupal stage is undergone very 
rapidly and usually occurs overnight ; often great 
numbers undergo this change in the early part of the 
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night between nine o'clock and midnight. This stage 
is comparatively short, seldom lasting over thirty-six 
hours. At the end of this time the pupal skin bursts 
longitudinally along the dorsal side, the pupa in the 
meantime having straightened out. In a few minutes 
the adult has pulled itself out of the old skin, and quietly 
balancing itself remains on top of its cast skin until 
its wings are sufficiently dry to permit it to ily off to 
a near-by resting-place. 

It can thus be seen that the process of emerging 
requires a very quiet body of water; otherwise the 
mosquito would be submerged and perish. 

Duration of Adult Life. — As a rule, the newly- 
emerged females will suck blood after about twenty- 
four hours. Numerous experiments tried on the male 
mosquito, as well as extensive field observations, seem 
to give conclusive evidence that these individuals 
do not possess the blood-sucking habit and live ex- 
clusively on the juices of plants and "plain" water. 
However well one may care for the males, they usually 
die within two or three days ; exceptional individuals 
may live seven or eight days, and it is quite probable 
that very little nourishment is taken, as a rule, during 
this time. 

In captivity the mosquito mortality is very high 
and it is not a satisfactory plan to estimate the average 
length of life on the basis of laboratory observations. 
Basing an estimate on the relative abundance of Anoph- 
eline mosquitoes in a given district after careful con- 
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trol measures are inaugurated, it seems safe to say 
that the average life of the adult female mosquito is 
between thirty and forty days, perhaps nearer thirty. 
This does not, of course, refer to hibernation. 



Flight. — A very common observation is that the 
Anopheline mosquitoes are not as strong fliers as most 
Culicine species. If Anophelines are found, one can 
rest assured that their breeding place is somewhere 
very near, usually within two hundred yards. 

Unlike certain other species of mosquitoes, notably 
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salt-marsh mosquitoes, the Anopheles are not readily 
carried by the wind, inasmuch as they cling to vege- 
tation as soon as a moderate breeze begins to blow. 

If the breeding place of these insects is connected 
with human habitations by means of low herbage at 



close intervals, this will afford a ready means of advance. 
On the other hand it seems that a belt of trees tends 
to act as a barrier, 

Hibemation. — The writer has been bitten by Anoph- 
eles mosquitoes as early as February 12, and at 
noonday at that, and many have been reported as 
early as February 2d and 3d. A specimen was caught 
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actively flying about in a church on the ist of Janu- 
ary. Since all breeding had ceased in late October, 
it must be assumed that these were hibernated in- 
dividuals that had been induced to leave their shelters, 
owing to the appearance of balmy days between the 



Fio. 13. A prospecting hole, — often a convenient breeding place (oi niosqiiiCoes. 

heavy California rains. In the colder Eastern states 
there are seldom days in winter during which it is 
balmy enough to induce mosquitoes to come forth 
from their places of hibernation. 

The first cases mentioned are normal responses to 
the usually early spring days in California, when breed- 
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ing begins correspondingly early. On February nth 
Anopheles mosquitoes were seen emerging in numbers 
from under a schoolhouse which had aiforded a safe 
hiding place against the rains, which place had prob- 
ably been sought early in November. 

The above and other observations give evidence that 
the Anopheles mosquitoes which have been in hiber- 
nation on coming out of their shelters are active for a 



y stand. Other places in which 

few days even by daylight (noonday) and bite fiercely 
during that time. In a few days, apparently, the insects 
revert to their normal habit, i.e. flying and biting at 
night only, although both Anopheline and Culicine 
mosquitoes will bite in shady places during the day if 
given the opportunity. 

Breeding Places for Anopheles. — Unquestionably the 

most attractive situations for Anopheline mosquitoes 

."^to breed in are marshy meadows (pasture land), where 

the water is just shallow enough to allow grass and 

other low herbage to protrude above the surface (Fig. 
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21), Such conditions are commonly produced along 
smaller creeks flowing sluggishly through meadows, or 
by lateral seep- 
age from irri- 
gation ditches. 
Often land that 
is soaked with- 
out actually 
forming open 
pools is made to 
produce many 
mosquitoes 
through the 
hoof prints of 
cattle and 
horses, i.f. these 
animals leave 
indentations 
behind which 
fill in with water, 
and proper con- 
ditions for mos- 
quito breeding 
are produced. 

JxeCeOing pm ^^ Anopheles (malaria bearing) mosquitoes were 

otra^inc fi-B_ '*""'' breeding in stagnant water in the gutters of a main 

Streams ire- thoroughfare. 
quently leave 

chains of pools, rich in algae, along the edges, espe- 
cially if city wastes are involved; in these pools the 
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Anopheles wrigglers are usually found in great abun- 
dance (Fig. 22). 

As a rule, the least suspected places (as far as the 
average person is concerned) are the most dangerous. 
Large open ponds and larger streams are not, as a rule, 
directly concerned, though each individual case needs 
careful inspection before allowing it to pass. Such 
seemingly small matters as a little spring in a pasture, 
a hoof print, a leaky faucet, a bad kitchen drain, 
waste water from a laundry, notwithstanding its soap 
and lye content, a leaky Irrigation ditch, — these are 
the greater nuisances that the inspector has to meet. 
Prospecting holes (Fig. 23), tin cans, water barrels, 
tubs, etc. (Fig. 24) must not be overlooked. Very 
often the water in the street gutters (Fig. 25) is a pro- 
lific source of Anopheles mosquitoes, notwithstanding 
other observations to the contrary. 
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ESSENTIALS OF CONTROL 

The essentials of control are indicated very clearly 
by the study of the life history (development) and 
habits of the mosquito, and rest on the application of 
two general methods ; namely, temporary and per- 
manent. Temporary control consists in oiling the 
breeding places or adding a poison, such as nicotine, 
Phinotas oil, or salt (in the case of fresh-water species) 
to the water. Manifestly this method requires constant 
repetition, but is extremely useful and really essential 
during the time that the permanent work is being 
advanced. 

For the control of mosquitoes, especially the Anoph- 
eles, the best method by all odds is drainage, im- 
provement of irrigation methods, cutting deeper chan- 
nels where the water spreads, etc. Thirty minutes' 
labor in cutting a ditch deeper, or digging a new one 
for a short distance, has very often absolutely elimi- 
nated a nuisance that has bred malaria mosquitoes 
season after season. It is highly important that con- 
trol efforts should be systematic and thorough. Hap- 
hazard, slipshod work only results in dissatisfaction 
and new crops of mosquitoes. 

53 
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Kinds of Oil. — Oil forms a perfect film over the 
surface of the water, which prevents the mosquito 
larvK and pupae from breathing and thus results in 
suffocation. The most desirable oil for the purpose 
is one that will spread most readily without breaking 
up into patches and that will remain on the water in 
an effective condition. Crude oil breaks up in patches 
between which the water is not affected, so that the 
wrigglers have been found by the writer developing 
in such places where this oil has been liberally used. 
Crude oil, furthermore, cannot be used as such in ordi- 
nary spray pumps. Therefore this material is not to 
be recommended in this form for mosquito control. 
"■-^^^Rl^lasting qualities are very good, however. Kero- 
sene spreads most satisfactorily and does its work 
quickly, but evaporates in a comparatively short 
time, thus requiring frequent repetition. A combina- 
tion can very well be made of the two which will 
bring about more nearly the desired results. Our 
best results have been obtained with a mixture of equal 
parts of crude oil and kerosene, though the proportion 
may perhaps safely range to three parts of the former 
to one of the latter. We have also used successfully 
a treated stove oil of about 32° Beaume gravity. 

Oil purchased on the market as "crude oil" varies 
54 
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from 12° to 18° Beaume, while "stove distillate" 
varies from 28° to 32°, and water-white kerosene from 
40'^ to 42°. Knowing the specific gravity of the oil 
purchased, it can easily be calculated how to mix with 
lighter or heavier oil in order to obtain the required 
consistency. Thus if kerosene (42°) is at hand and 
crude oil (15°), use about ten gallons of the former to 
twelve gallons of the latter. For spring and autumn 
use 28°-30° Beaume is to be recommended, while for 
summer use a heavier oil at about 26° is preferable. 

How Applied. — Simply pouring on the oil with a 
dipper is wasteful and requires some little time if all 
the smaller adjacent pools of water to a given central 
area are to be treated. Experience has taught that 
the small, apparently insignificant, pools of water are 
in reality the greatest menace and are commonly 
overlooked. The use of a knapsack spray pump 
(Figs. 21 and 26) of five-gallon capacity is highly 
recommended. This can be strapped on the back 
and will provide enough oil for three or four hours of 
ordinary oiling on foot. Where it is out of the ques- 
tion to use a horse and cart to carry the oil, the field ■ 
man can save himself many steps and some embarrass- 
ment if he will make it a habit to carry a small quantity 
of oil with him at all times In a pint or quart tin to 
which is attached a rubber bulb and a spray spout. 

The inspector usually devotes a day or two to in- 
spection and follows this with an entire day of oiling 
and he may then need to use a good many gallons of 
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oil in a few hours. A good-sized wad of cotton waste 
soaked in oil and placed in a pool of stagnant water 



Fig. 26. Field Agent in working "togs." Showing use of knapsack spray pump. 

will continue to give off oil for some time and is often 
very serviceable. 
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When Applied and How Often. — Oil should be applied 
whenever and wherever the wrigglers or tumblers are 
found, even though permanent correction is planned. 
This will prevent them from being washed out into 
some other situation where they would be liable to 
complete their transformation. The frequency with 
which oil must be applied depends on the rate of de- 
velopment of the wrigglers and the evaporation of the 
oil, — both conditions being dependent on the tem- 
perature. Therefore, more frequent applications are 
necessary during midsummer, when with the oil men- 
tioned above, spraying should be repeated at least 
every twelve days, and under cooler conditions (averag- 
ing 50° to 60° F.) every three weeks. If it requires 
only ten days for some mosquitoes to pass through 
their entire transformation, one might think that ap- 
plications of oil every twelve days would not be often 
enough, but it must be remembered that the oil kills 
all wrigglers and tumblers at the time of contact and 
the film remains on the water for two or three days, 
sometimes longer, during which time any adult mos- 
quito, intending to lay eggs, is killed on coming in 
contact with the oil. After the oil has evaporated 
quite largely, the breeding may begin again, but the 
next application of oil will catch the oncoming brood 
before the ten days necessary for complete develop- 
ment have expired. 

Certain conditions are unfavorable to the effective 
use of oil, such as abundant vegetation, e.g. tule and 
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algse or soap and alkali in the water. This can be 
remedied by the addition of copper sulphate previous 
to oiling. 

Tobacco Decoctions. — The writer has thoroughly- 
tested the efficiency of tobacco decoction, both in 
the laboratory and in the field, and has found it 
very effective, but the expense is prohibitive when 
used on a large scale. Sulphate of nicotine (black 
leaf 40), made by the Kentucky Tobacco Product 
Company, was found to effectively destroy all wrig- 
glers and tumblers when used in the ratio of i part 
to 750 parts of water. Greater dilution proved un- 
certain for the pupjE, but i to 1000 is still effective 
for the larvse. In field work this material was used 
for smaller pools and experimentally on a good- 
sized quarry hole pond effectively, but proved too 
expensive. Ordinary "black leaf" tobacco decoction 
cannot be used successfully in a greater dilution 
than I part to 20 of water. It must be remembered 
in all cases that a material in weaker strengths would 
be just as useful and less expensive, provided it killed 
the insect, even after a day or two, and this factor was 
borne in mind during the progress of experimentation. 

Larricide. — A larvicide generaHy used in the Panama 
Canal Zone is prepared from crude carbolic acid. Its 
manufacture and method of application are fully de- 
scribed in an article by G. T. Darling in the American 
Journal of Public Health for February, 1912. From 
this the following is quoted : — 
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"One hundred and fifty gallons of crude carbolic 
acid are heated in an iron tank having a steam coil 
with steam at 50 pounds pressure. Two hundred 
pounds of finely crushed and sifted common rosin are 
dissolved in the heated acid and then 30 pounds of 
caustic soda dissolved in six gallons of water are added. 
There is a mechanical stirring rod attached to the tank. 
The product is ready in a few minutes, yielding 
about 3^ barrels. ... As a mosquito larvicide it is 
used by spraying an aqueous emulsion (one part of 
larvicide to five of water) over the surface and along 
the margin of pools and ponds or other mosquito- 
breeding places so that the resulting dilution of the 
larvicide has a thin, milky opalescence representing 
approximately a dilution of I to 5000." 
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NATURAL ENEMIES 

One often hears others say that there is a natural 
"balance" in nature which should not be disturbed, 
and this argument is frequently advanced against the 
efforts of those engaged in mosquito control. It may 
be balm to such individuals to know that mosquitoes 
have also their natural enemies, if man can indeed be 
considered an unnatural enemy. 

Among the less efficient enemies, owing to small 
numbers, are the dragon fiies (Odonata), or mosquito 
hawks, also called "snake doctors" and "devil's 
darning needles." These insects may be seen in the 
evening darting hither and thither capturing mos- 
quitoes and midges on the wing. 

The more effective enemies are found among the 
surface-feeding fishes, which are practically all of 
small size. Unfortunately, where mosquito larvje are 
found there are also abundant other aquatic insects, 
so that the stock of fish must be correspondingly large 
in order to hold in check the insects aimed at. In 
such places where it is desirable to apply oil and the 
water is not too shallow throughout its entire extent 
fishes may play an important role ; indeed the same 
thing may hold true in bodies of water where it is 
possible to apply oil. It can readily be seen that to 
transplant fish into anything but permanent bodies 
of water would be very poor policy. Ornamental 
60 

; I,.. Google 



NATURAL ENEMIES 6i 

ponds, reservoirs, springs, cisterns, tanks, and the like 
are among the instances in which surface-feeding 
minnows may be found useful. 

The common goldfish (Carassius auratus) is at the 
same time one of the most ornamental as well as effi- 
cient fishes in this respect. The following quotation 
is apropos taken from Howard, after Underwood, re- 
ferring to an ornamental aquatic garden near Boston, 
in which the mosquitoes were kept in check by gold- 
fish : "I took from the pond a small goldfish about 
three inches long and placed it in an aquarium where 
it could, if it would, feed upon mosquito larvae and 
still be under careful observation. ... In the first 
day, owing perhaps to being rather easily disturbed in 
its new quarters, this goldfish ate eleven larv^ only in 
three hours, but the next day twenty-three were de- 
voured in one hour; and as the fish became more 
at home the 'wrigglers' disappeared in short order 
whenever they were dropped into the water. On one 
occasion twenty were eaten in one minute, and forty- 
eight within five minutes. This experiment was fre- 
quently repeated and to see if this partiality for insect 
food was characteristic of those goldfish only which 
were indigenous to this locality experimented with, 
some said to have been reared in carp ponds near 
Baltimore, Maryland, were secured. The result was 
the same. . . ." Similar results have been attained 
in a number of places both on the Atlantic and Pacific 
coasts. 
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One of the most valuable articles touching the con- 
trol of mosquitoes by fish is that of Seal' for the Scien- 
tific American, in which he makes the following state- 
ments : "The goldfish is somewhat lethargic in habit, 
and is also omnivorous, but there is no doubt that it 
will devour any mosquito larvae that may come in its 
way or that may attract its attention. The one great 
objection is that they grow too large, and the larger 
will eat the smaller of them." The same observer 
concludes that "a combination of the goldfish, roach, 
and top minnows would probably prove to be more 
generally eiFective in preventing mosquito breeding 
than any other." The top minnows mentioned are 
Gambusia affinis and Heterandria formosa. In those 
bodies of water kept free from mosquito larvie in Cali- 
fornia, Mr. McGregor has observed that the following 
three species are primarily concerned, viz. the Sacra- 
mento chub, Leuciocus crassicandra ; the Sacramento 
pike, Ptychocheilus grandis; and the Shiner, Lavinia 
exilicauda. The Barbados "Millions" (Cyprinodon 
dispar) has been found useful as a mosquito destroyer 
in that country and elsewhere. 

■ In salt marshes the tiny killifishes (Fundulus) should 
be given every opportunity to reach all parts of the 
marsh. Where found they are, as a rule, very abundant 
and are efficient as destroyers of mosquito larvae. 

' Seal. William P., 1908 (May 30). Sden. Amv. Suppl. Vol. 65, No. 
1691, pp. 3SI-3SI. 
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PERMANENT CORRECTIONS 

If a useless pond of water can be drained easily, 
which is often the case, it is a foolish waste of time,' 
energy, and money to repeatedly oil it. Marshy land, 
otherwise useless for agricultural purposes, can in most 



Fig. 17. A big pond alongside the railro^ caused by obBtnicting the oatural drainage. 
This was a source of many mosquitoes every year. The Field Agent is oiling the pond. 
A source of constant danger, requiring repeated eipenditure of time, labor, and money 
until [lermaneiitly corrected. 

cases be made useful and also free from mosquitoes 
by digging a ditch of necessary depth with connecting 
laterals. The dry summers of California, for example, 
favor permanent corrective work, because areas from 
which standing water is drained off at the termination 
of the rains in spring will remain dry for the rest of the 
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summer. The Southern Pacific Railroad Company 
responded readily to requests made for the correction 
of drainage along the right of way in lower Placer 
County, deeming it wiser to expend a larger sum for 



Fig. i8. a peimanent mrrection. No longer a prolific source of mosquitoes. Same 
spot as seen ia Fig. 17. 

this permanent work than to apply oil, although this 
was done in some places (Figs. 27, 28). The writer 
mentions the fact because the wisdom of this pro- 
cedure is recognized by large corporations. 
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IRRIGATION 

It is quite commonly asserted that malaria makes 
its appearance together with irrigation. This is evi- 
dently true, but it need not be so if proper attention 



FiO. ag. Breaks in the irrigation ditch are responsible for considerable inundation, 
producing favorable breeding places for Anopheles mosquitoes. The rapidly nuining 
water in the dilch is unfavorable for mosquitoes. 

were paid to the best methods of irrigation. Cer- 
tainly southern California is necessarily the scene of 
much irrigation, yet malaria is virtually unknown, so 
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it cannot be irrigation as such. The matter simply 
resolves itself to relative abundance of water; where 
this is abundant, it is used unsparingly and without 
regard to leaky ditches (Fig. 29) and great waste, 
thus forming the ideal swamp areas (Fig. 30) for the 
propagation of the Anopheles mosquito. On the other 



hand, where there is little rainfall and water Is expen- 
sive, with greater evaporation throughout the year, 
the water is husbanded, with the result that leaky 
ditches, and consequent swamps, are practically un- 
known, and therefore the Anopheles mosquito has not 
obtained a foothold. 

The farmers of northern California in general must 
pay more attention to the improvement of their irri- 
gation methods. In irrigating, the water should not 
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be allowed to remain in pools for long periods, say not 
over several days. Water which has stood ten days 
or over is dangerous. The use of metal, cement, or tile 
irrigation ditches, which prevent lateral flow except 
where wanted, will greatly help in lessening the vast 
number of mosquitoes now produced in or by poorly 



kept ditches. The running water in the ditches need 
not be feared, — mosquitoes do not breed in running 
water. The current in ditches with little slope may 
be sluggish and further retarded by weeds, and under 
such conditions mosquitoes may breed. The ditch 
must be kept free from weeds and the edges should be 
smooth. It is suggested that borrow pits in the con- 
struction of ditches should be at some distance from 
the ditch and from higher ground if possible ; otherwise 
they may fill with seepage water and breed mosquitoes. 
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SUMMER RESORTS 

An ideal summer resort is one in which mosquitoes 
do not take a prominent part. The Anopheles may 
not have to be contended with in all parts, but the 
Culicine species are found more or less abundantly 
everywhere unless measures are taken to control them, 
and some of our summer resorts are far from ideal in 
this respect. Imagine the comfort on a fine summer 
evening under otherwise favorable circumstances, when 
it is possible to sit on the veranda without having to 
fight mosquitoes all the time. The ease with which 
these pests can be controlled and the advertisement 
that a mosquito-free resort deservedly secures should 
set managers working in this direction. 
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MEASURES USEFUL IN COMBATING ADULT 
MOSQUITOES 

Screening. — Far too little attention has been paid 
to the proper screening of sleeping apartments. The 
time will come, no doubt, when screens will no longer 
be needed against intruding mosquitoes and flies, — 
indeed that day has already dawned for a few (a very 
few) thoroughly enlightened communities which have 
discovered that these noxious creatures can be con- 
trolled with proper care. 

Against mosquitoes nothing larger than the best 
one-millimeter mesh screen should be used, because the 
mosquito is persistent and will work its way through 
a large mesh. In malaria-ridden districts it is time 
well spent to hunt down and destroy all mosquitoes 
that may have secured entrance despite the screens. 
It is furthermore wise to carefully screen in all malaria 
cases so that Anopheles mosquitoes cannot become 
infected through the blood of such patients. 

For campers, prospectors, soldiers, and others required 
to sleep out of doors special folding frames covered 
with mosquito netting can be secured. These are 
light and can be folded to convenient size for portage 
when not in use. 
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Cisterns, fire buckets, and other water receptacles 
need to be kept properly screened or securely covered. 

Repellents. — Night laborers, watchmen, pickets, and 
others compelled to be on duty at night are, of course, 
exposed to the bites of mosquitoes and should exercise 
some precaution at least against these pests. Repel- 
lents of several kinds have been used with more or less 
success. The writer has found oil of citronella to be 
one of the most reliable deterrents when simply rubbed 
on the hands and face, a dozen drops or thereabouts 
being placed in the hollow of the palm and thus applied. 

To this oil may be added various other ingredients ; 
for example, Howard has found the following mixture 
most effective, viz. : l ounce of citronella, i ounce 
spirits of camphor, and ^ ounce oil of cedar. 
This Howard found very satisfactory against Culex 
pipiens by applying a few drops on a bath towel hung 
on the head of the bed. He, however, adds that it is 
not effective against the yellow fever mosquito, which 
begins biting at daybreak when the oil has lost most 
of its strength. 

Other deterrents used and recommended by various 
authors are a mixture of castor oil, alcohol, and oil of 
lavender, equal parts ; or a few drops of peppermint 
or pennyroyal, oil of tar, oil of cassia, or simply pure 
kerosene. 

Repellent Plants. — Much has been written about 
deterrent trees and plants, but few If any have stood 
the test of accurate observation. The writer's own 
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experience, together with that of other observers, does 
not credit the castornDil plant nor the Eucalyptus tree 
with deterrent properties ; the same seems to hold 
true of the chinaberry tree. 

Fumigants. — Knowing that mosquitoes often hiber- 
nate in great swarms in basements of buildings and 
other favorable situations, it becomes necessary to 
destroy them in order to prevent them from propagating . 
in the spring of the year. A number of very satis- 
factory fumigating agents may be mentioned, such as 
pyrethrum powder, sulphur dioxid, "jimpson" weed, 
and pyrofume (a turpentine by-product). 

Mosquito Bites. — Mosquito bites, while perhaps 
never serious in themselves, may lead to blood poison-J 
ing through scratching with the finger nails in thd 
attempt to relieve the irritation, often intense. Td 
relieve this irritation any one of the following may bd 
applied, viz. : ammonia, glycerine, alcohol, or . iodinej 
and according to Howard the most satisfactory remedy 
known to him is the application of moist toilet soapi 
The latter also mentions touching the puncture with 
^ lump of indigo as affording instant relief, as als4 
touching the parts with naphthaline moth balls. 
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THE EDUCATIONAL FACTOR 

Giving the answer to the questions Why and How 
is the part the educator must play in the science of 
apphed hygiene. If once the people of a town or village 



Fig. 32. The entire school turns out when the Field Agent comes to give a lesson ia 

catch the vision of better things, and are taught how to 
realize these things, the problem is largely solved, for 
there will surely be some who will put the matter to 
the test. 
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To help answer these questions at least one lecture, 
well illustrated by means of charts and other material, 
should be given at the beginning of each campaign. 
This we generally follow up with brief newspaper 
articles, for the press is one of the greatest educational 



factors in America. Show-window displays in which 
the properly labeled living insects are exhibited as they 
pass through their various stages of development are 
effective. The action of the oil can be thus also nicely 
illustrated. The interest that this sort of display 
arouses is immense and few merchants hesitate to 
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allow at least a part 
of their windows to 
be so used. 

A laboratory may 
or may not be estab- 
lished in which the 
more scientific phases 
of the subject are il- 
lustrated by means of 
the microscope and 
other apparatus. The writer has found such a labo- 
ratory very valuable, since it gives the inspector an 



Fig. 35' Schoal children searching fnr mosquitn wrigglers in ho okl dtedgei pood. 
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added impetus and adds to his efficiency in the field. 
Here the more detailed habits of the individual insect 
can be observed. 

One of the most important factors in our work is 
that accomplished with and through the school children. 
The school children are visited in the classroom and 
the story of the mosquito 
wriggler is told, — how 
the mosquito carries dis- 
ease and how to prevent 
it. Demonstrations with 
the living wrigglers can 
easily be made. Inter- 
esting essays are then 
written by the children 
and the best may be pub- 
lished in the local paper, 

,, , 1 • i_ ■ 1 F""- 3*- Mosquito inn used as a reward 

all or which stimulates of merit, school duldreB were given a pin 
, . , when some small service was rendered. 

interest and gives the 

children a grasp on practical subjects. The lessons 
(Figs. 32, 33, 34, 35) learned at this time will be 
applied at once, and a generation of citizens is reared 
with some knowledge of practical hygiene. 

The use of a mosquito pin or button (Fig. 36) has 
resulted in much good. On answering some simple 
question on mosquitoes correctly, or after putting oil 
on a pool of water, the child receives such a pin from 
the inspector as a reward of merit. 

Essays by School Children. — An interesting feature 
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of the educational work has been the instruction given 
in the schools. The interest taken in this work is 
evidenced by a large number of essays on the subject 
that have been written by the pupils beginning with 
the third grade. All of the essays show an under- 
standing not only of the work, but of the importance 
of exterminating the mosquito. Several of these are 
given below. The reader must bear in mind that the 
essays are written by children and are here given only 
to show the interest taken In the work. 

How THE Children can Help 

{By a Fifth-grade Pupil) 

You can help your city with the mosquitoes. To do this do 
not be careless by leaving anything that will hold water. To pre- 
vent mosquitoes from laying eggs do any one of the things I have 
written here. 

1. By turning buckets over so the rain cannot fill them with 
water. 

2. By putting oil or lard into the bucket. 

3. By putting holes into the bucket so that the water will 
run out. 

4. By covering it over so that the mosquito cannot get in 
and lay her eggs. 

If you put lard or oil into the bucket It rises to the top and 
the wrigglers that are in it cannot breathe. From the egg to the 
" Wriggler " takes about twenty-four hours. It takes ten days for 
the wriggler to become a mosquito. A mosquito lives about 
thirty-five days, but sometimes they make a home In damp 
places and sleep all winter, and they come out in later winter or 
early spring. When they are wrigglers they have tubes to breathe 
through, but when they are" tumblers" they breathe through trum- 
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pets. All this time the mosquito is preparing to bite us, but it 
is inside of the " tumbler." When the tumbler bursts open the 
mosquito comes out, but as soon as he comes out he has to make 
use of his wings, and if he doesn't, the " tumbler's skin " begins to 
float on the water and knocks the mosquito over and it falls 
into the water and gets drowned and that's why he has to use 
his wings. 

The Mosquito and the Little Pond 

(By a Fourth-grade Pupil) 

In- a pond there were some little eggs. In a few days there 
could be seen a little creature wiggling around. It was little 
Miss Wriggler. She lived down there in the pond very happy, 
going ever so often up to the surface to get fresh air, till one day 
she became a little tumbler. She tumbled and played, going 
every once in a while up to the surface to get some fresh air, till 
one day her skin split open and a perfect mosquito came flying 
through the air ready to bite whomever she got a chance. This 
mosquito lived about thirty-five days. She laid eggs four times 
in her life. She laid about one hundred eggs each time. 



The Life of the Mosquito 
{By a Third-grade Pupil) 

I am going to tell you about the life of a mosquito. It lays 
its eggs on the edge of the water. Some lay one at a time and 
others lay them in bunches. A bunch of eggs is called an egg 
boat. It lays several hundred in all. It takes about one day 
for the egg to hatch into the larva. The larva has but one breath- 
ing tube. Next comes the pupa. It has two breathing trumpets. 
It is large at the head and then it grows small. The pupa splits 
across the head and then it turns upside down and out comes 
the mosquito. 

Do you know how little boys and girls can help to kill the 
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mosquitoes i They can turn up all the old cans and break them 
up and put up a little flag. If your mamma has a barrel with 
some rain water in it that she wants to Keep, how are you going 
to keep the mosquitoes from hatching ? I would cover it up, of 
course. That is a good way to keep from getting sick. 
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EXAMINATION FOR MALARIA 

Physicians are coming to recognize more and more 
the importance of blood examinations to determine 
the presence of the malaria parasite. This is important 
because it gives the basis for proper treatment. Other 
diseases often have similar symptoms and do not re- 
spond, of course, to the treatment given when the 
disease has been improperly diagnosed. 

To examine the blood for malaria parasites a drop 
is taken from the lobe of the ear or the finger tip, placed 
on a glass slide, and a smear preparation made. These 
"smears" are then properly stained, to differentiate 
the parasite from the red blood corpuscles. (See also 
page lo.) The California State Board of Health has 
established laboratories at Berkeley and branches at 
Fresno and elsewhere for the determination of disease 
in blood specimens, sputum, etc. It is highly desir- 
able that the physicians of the state make use of the 
facilities thus afforded for the determination of 
malaria. 
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INTERNAL MEDICINES 

Owing to the fact that there are relapses in malaria 
without the necessity of reinoculation by the mosquito, 
makes it imperative that a systematic treatment for 
malaria should parallel the preventive measures. In 
this way the disease can be stamped out in a much 
shorter time. The spring relapses can be prevented in 
large measure by the systematic and intelligent use 
of internal medicine during the winter months. This 
does not mean, of course, that the individual must 
take quinine incessantly — indeed that may frustrate 
the eventual cure. 
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THE COMMUNITY CRUSADE IN CALIFORNIA 

Thus far there have been established five organized 
malaria crusades in the state, two in Placer County 
(Penryn and Roseville), one in Butte County (Oro- 
ville), one in Tehama County (Los MolJnos), and one 
in Kern County (Bakersfield). These crusades, owing 
to their distribution, have given a good opportunity 
to study the characteristic local conditions in widely 
separated parts of the state and under greatly differ- 
ing topographical conditions. 

Leading up to the organization of a special crusade 
against the malaria mosquito, a number of lectures 
were delivered by the writer on the subject of "Insects 
as Disease Carriers (Medical Entomology)." These 
lectures were materially strengthened by an exhibit 
illustrative of this subject on board the Demonstra- 
tion Train. Apparently considerable interest was 
manifested, but it was not until December, 1909, that 
any visible results were secured. From a letter 
written by Mr. Fred E. Morgan of Penryn, Placer 
County, California, dated December 22, 1909, the 
following is quoted: "We, here in the Placer foothill 
region, want to fight the malaria mosquito, but do not 
know just how to proceed. . . . Can we not expect 
some aid in this . . .?" This letter was answered 
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by the writer, the following being an extract from his 
reply: — 

A campaign such As you wish to undertake should begin as 
an educational movement in the form of lectures and demonstra- 
tions. This can be done while the ground is being carefully covered 
and points of attack marked. I recommend that at first a vigor- 
ous campaign be made in some restricted, isolated area where 
Anopheles mosquitoes and malaria have been extremely bad, in 
order to demonstrate beyond question the practicability of the 
plan. 

During January and early February, 1910, lectures 
on "Mosquitoes and Malaria" were delivered at 
Loomis, Penryn, Auburn, Newcastle, and Roseville, all 
in Placer County, and on February 12, 1910, a per- 
manent "anti-malaria-mosquito organization" was 
effected in the office of the Penryn Fruit Company. 
At that time about a dozen representative men 
gathered, elected Mr. H. E. Butler of Penryn as the 
permanent Chairman of the organization with W. E. 
Eckles, Secretary, and J. R. HufFaker, Treasurer. 

To assume the responsibility for such an under- 
taking is not a small matter in the face of adverse 
criticism and' the task of securing financial support. 
Earlier in the history of this undertaking the work was 
loudly denounced by certain boosters and certain 
newspaper editors as being the wrong kind of adver- 
tising. Although nearly all knew that malaria was 
prevalent in a given district, these individuals cried 
out that there was nothing of the kind nor ever had 
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been. Not very long after the work had been in 
progress, the matter was seen in a different light, and 
it was agreed that the best kind of advertising was the 
fact that malaria was being combated with vigor. 
It is now wisely said that "An open policy of educa- 
tion, with evidence of active work toward the eradica- 
tion of a disease, immediately engenders confidence. 
Investors say, 'Here is a community that has 
waked up and is going ahead. They've got the coun- 
try and the resources. Its future looks good to me. 
I'll buy:'" 

Thus was launched what will pretty surely be con- 
sidered one of the pioneer civic movements against 
malaria specifically, and undoubtedly the first of its 
kind in the state. 

In a recent publication Dr. L. O. Howard laments 
the fact that there are so few mosquito campaigns 
that are directed primarily against the Anopheles 
(malaria-bearing) mosquitoes. "In the United States, 
it is sad to relate, almost nothing has been done in the 
way of an active campaign against malaria alone, even 
in the restricted localities. It is true that extensive 
work has been done against mosquitoes, but in the 
most of these cases the incentive does not seem to 
have been to better the health of the people nor to 
stamp out the malaria." Unfortunately, Dr. Howard 
was for some reason not informed of California's lead- 
ing role in this respect. In a conversation with the 
writer on his recent visit to this state, he (Dr. Howard) 
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said this oversight was a matter which he regretted 
extremely. 

The following report indicates the plan of organiza- 
tion in the Penryn crusade : — 

Report of H. E. Butler, Chairman of Executive Com- 
mittee, Penryn Anti-malaria-mosquito Crusade. 
December, igio. 

Recognizing malaria as the chief drawback to the 
rapid development of our section, and to the happi- 
ness and prosperity of its residents, an investigation 
of its causes and control was undertaken, commencing 
in December, 1909. 

Mr. Fred E. Morgan of Berkeley, a former property 
owner and former resident of Penryn, with the under- 
signed, met at Penryn to discuss the matter, and 
directed a communication to the Entomological De- 
partment of the University of California, setting forth 
at considerable length the facts in regard to the exist- 
ence of malaria in the irrigated districts of Placer 
County. In due course, under date of January 3, 
1910, we received a communication from Professor 
Herms, Assistant Professor in Entomology, commend- 
ing the idea of taking up a fight against malaria and 
the malaria mosquito, also offering his assistance. 

He recommended a vigorous campaign in some area 
where mosquitoes have been bad, in order to demon- 
strate the practicability of control of the disease by 
the extermination of mosquitoes. He also furnished 
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us with various bulletins and publications of the Uni- 
versity and State Board of Health, bearing on the 
subject of parasitic diseases. In this same communi- 
cation Professor Herms set the date of January 5th 
to meet us at Penryn to arrange details of the cam- 
paign. These were promptly made and Professor 
Herms addressed mass meetings at Loomis, Penryn, 
Newcastle, and Auburn during January and February, 
1910, on malaria and its control. 

At each of these meetings committees were appointed 
to meet at Penryn, as a joint executive committee, to 
make definite arrangements for the prosecution of a 
crusade to control malaria by the extermination of 
the malaria mosquito. On February 12, 1910, this 
joint committee met at Penryn and organized by 
election of the following officers : H. E. Butler, Chair- 
man ; W. E. Eckles, Secretary ; James R. Huffaker, 
Treasurer. 

Following is a list of those present at this initial 
meeting ; Professor W. B. Herms of the University 
of California, Dr. G. H. Fay, Health Officer of Placer 
County, James H. Breslin, Health Officer of Auburn, 
H. E. Butler, J. Huffaker, H. A. Snelling, George H. 
Fisher of Penryn, Robert Jones, Louis Ames, and P. F. 
Lynn of Newcastle. The Loomis Committee was un- 
avoidably absent. 

At this meeting telegrams and letters were read 
from Professor E. J. Wickson, Dean of the College of 
Agriculture, University of California, Dr. W. F. Snow, 
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Secretary State Board of Health, and Wallace A. 
Briggs, M.D., of Sacramento, emphasizing the fact 
that malaria is a disease transmitted to the human 
race only by the bite of the mosquito. They also 
congratulated the district on its inauguration of the 
campaign. 

It was decided at this meeting to make the cam- 
paign within a district extending from Newcastle on 
the east and Loomis on the west, including those 
districts and Penryn. 

A room offered by the Penryn Fruit Company was 
accepted as permanent headquarters, and later this 
was fitted up with all necessary paraphernalia. 

Arrangements for raising funds by popular sub- 
scription were made and an agreement entered into 
with Professor Herms whereby he was to direct the 
campaign and be furnished field assistants and ma- 
terial. The actual work of the campaign commenced 
March ist. Prior to this time Newcastle district 
withdrew from the campaign, Loomis district continued 
until the 2d of May, then withdrew, but Penryn 
district maintained and carried on the campaign 
actively, with a competent field man and under the 
direction of Professor Herms until December i, 1910. 

In the campaign of the past season we have been 
aided very materially by the State Board of Health, 
by the Southern Pacific Company, who drained off 
and cleaned up its right of way through the district, 
by the Sacramento newspapers and the County Health, 

,C.ooglc 



COMMUNITY CRUSADE IN CALIFORNIA 87 

Officials. We also had a donation of Nicotine Sul- 
phate from the Kentucky Tobacco Products Company. 

The results of the campaign will be fully treated in 
reports of Professor Herms and Field Agents who 
carried on the actual work during the season. 

Appended hereto is a repMDrt of the expenses of the 
campaign. 

While the campaign was not enthusiastically sup- 
ported in the district at first, before the season had 
progressed far, much interest was manifested and at 
the close of the year sentiment in the Penryn district 
seems to be very strongly in favor of continuing, and 
on broader lines, such as the formation of a sanitary 
district, and cooperation of adjoining sections and of 
the County Board of Supervisors. 

H. E. Butler, 
Chairman Executive Committee 
Anti-malaria-mosquito Campaign. 
Penryn, December 10, 1910. 

When it became known that a malaria mosquito 
campaign had been inaugurated at Penryn, interest 
in the movement soon became widespread, and many 
letters of inquiry were received. At the outset the 
following letter from Dr. W. A. Briggs of Sacramento 
was especially encouraging to the citizens of Penryn, 
as were the telegrams from Dean E. J. Wickson of the 
College of Agriculture at Berkeley and from State 
Horticultural Commissioner J. W. Jeffrey. 
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My dear Mr. Butler : 

Permit me to assure you of my hearty indorsement of your 
crusade against malaria. Malarial fever is an absolutely prevent- 
■ able disease and is one serious objection to your beautiful country. 
No stagnant water, no mosquitoes ; no mosquitoes, no malaria. 
Wishing you and your friends success in this movement, I am 
Yours sincerely, 
(Signed) W. A. Briggs. 

Professor W. B. Herms, care H. E. Butler, Penryn, California. 
We indorse most heartily your plan for eradication mosqui- 
toes in Placer County. Will do anything in our power to assist. 
(Signed) J. W. Jeffrey. 

Each district offered its own specific problems : at 
Penryn, it was irrigation and mountain streams ; at 
Oroville, dredger ponds, prospecting wells, water pipes, 
and the Feather River; at Roseville, it was hard pan 
and level country with poor natural drainage, also 
lack of sewer system. 

The first thing in each case was to make a care- 
ful survey of the territory to be protected, in order 
to determine the nature of the problem ; this was 
usually done with persons of influence concerned in 
the respective communities. Next a field agent or 
inspector was secured who was taken over the ground 
and put in charge. House-to-house work was done 
to secure intelligent cooperation, public lectures were 
given, the school children listened to talks and saw 
demonstrations, exhibits were placed in store win- 
dows, newspapers were provided with material on the 
subject, etc. At the same time proper corrections 
were made in irrigation, pools were oiled, etc. , 
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THE PENRYN CRUSADE 

The following report by Field Agent Gray gives us a 
more detailed account of a specific crusade; namely, 
the Penryn Crusade. 

Report of Field Agent Harold F. Gray 
Penryn, Placer County, is located in the foothills of 
the Sierra Nevadas, on the main overland route of 
the Southern Pacific Railroad, at an elevation of about 
650 feet. The country is rolling, the climate mild, 
the soil deep and fertile, water is cheap and abundant, 
and conditions are naturally such that fruit growing, 
the principal industry of the region, should be highly 
profitable, and should support many small orchards. 

With the introduction of irrigation in the 70's, 
malaria appeared and soon became endemic. A region 
which had previously been perfectly healthy became 
thoroughly infected with this curse, and gradually the 
original owners moved away, and either leased or sold 
their land. When sold, the orchards gradually passed 
into the hands of large holders who did not work the 
land themselves, but leased. Finally, the last and 
worst stage was reached when the Caucasian lessees 
were replaced mainly by Orientals, who entered the 
region in 1895 and 1896. 
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In December, 1909, a few public-spirited citizens of 
Penryn, learning that malaria is a disease which can 
be eradicated or largely controlled by proper measures, 
got together, organized a campaign, and called in the 
assistance of the scientists of the University of Cali- 
fornia. William B. Herms, Assistant Professor of 
Entomology in the College of Agriculture at the Uni- 
versity, took the campaign under his personal super- 
vision, and its success is largely due to his ability and 
energy. 

The work done at Penryn is especially worthy of 
note because of the fact that it is the first of its kind 
in the state, and is typical of the gradual awakening 
of the public to the facts of the recent marvelous 
increase in our knowledge of the control and preven- 
tion of disease. While many other communities in 
the central region of California either are indifferent ■ 
to the presence of malaria, or deny its existence for 
fear of hurting business, Penryn has been the first 
to look the facts squarely in the face, and then intelli- 
gently set about remedying the conditions. Two other 
communities, Oroville and Bakersfield, followed suit 
in 1910, and from the inquiries sent to the State Board 
of Health during the past year it is probable that 
many more will start campaigns in 191 1. 

In the following pages will be found a brief descrip- 
tion of the campaign, with methods, costs, and other 
data of interest. 

On March 5, 1910, Mr. Herbert Leak, a resident of 
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Penryn, was employed by the campaign committee of 
Penryn and Lcx>mis' to act as Field Agent. He was 
to cover the vicinity of Penryn and Loomis, dividing 
his time equally between the two towns. This plan 
was adhered to until summer, when the people of 
Loomis lost interest in the campaign and failed to 
contribute their share of the funds necessary to carry 
on the work. The work of the Field Agent was there- 
after confined to Penryn. 

A survey of the region to be covered was first under- 
taken under the personal supervision of Professor 
Herms, and the places where Anopheles larvie were 
found were marked with small red flags. The Field 
Agent, when these pools were oiled, replaced the red 
flags with white ones, and the pools thus marked were 
kept under observation. After Loomis dropped out 
of the campaign, the activities of the Field Agent were 
confined to an area of such size that marking the 
pools was unnecessary, and as the campaign progressed 
definite breeding places were recognized, kept con- 
stantly under observation, and oiled as often as neces- 
sary. 

The construction of the Southern Pacific Railroad 
obstructed the natural drainage in several places, 
causing standing pools of water, notably those in the 
center of Penryn. The officials of the company were 
spoken to in the matter, and at once responded by 
sending the Roadmaster to Penryn to see Professor 
Herms. The places referred to were promptly filled 
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or provided with drainage, according to the conditions. 
The Southern Pacific officials have extended the same 
aid to the anti-malaria movement in Oroville, and it 
has been their policy to make permanent improve- 
ments, rather than have a continual expense for tem- 
porary measures of control. The work of draining 
the right of way of the railroad was done in April, 
and eliminated some of the worst Anopheline pools, 
in most cases permanently. One marshy place in 
Penryn which was corrected was not filled deep, enough, 
and in September the overflow from a ditch formed 
a pool of some size, which promptly began to breed 
many Culex and a few Anophelines. It was kept 
oiled until it dried up in October, and served as a useful 
object lesson for the school children, to whom two 
talks on the relation of mosquitoes to malaria were 
given. 

Early in May Loomis began to lose interest in the 
campaign. A personal canvass by Mr. Leak showed that 
the people in that town were either hostile or indif- 
ferent to the movement, and did not care to help 
defray their share of the expense. The Field Agent 
continued work in Loomis until late in July, hoping that 
when the people saw the good results they would sup- 
port it. 

Mr. Leak resigned as Field Agent on May 14th, and 
he was succeeded by Mr. Earl Cornell on May 23d. 
One of the first things undertaken by Mr. Cornell after 
getting the work well in hand was a house to house 
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inspection, which brought to light many pails and tubs, 
especially in Chinatown, breeding mosquitoes, chiefly 
Culex. A short explanation to the white residents 
will usually stop this condition, but the Orientals are 
continual offenders in this respect. 

One of the most illuminating instances of the effective- 
ness of the control method used occurred during Mr. 
Cornell's work, and the following description of the 
circumstances is taken direct from his notes : "Aug. 5. 
Investigated the reported case of malaria at Mr. 
Magnison's place. Found that he had been sick with 
.chills and fever for a week or more, also that there 
were many mosquitoes around in the evening. On 
inspecting the premises I found a place in the orchard 
where a leaky pipe left pools of water standing con- 
tinually. They contained many Culex and Anopheles 
wrigglers and tumblers. Since the place is but one 
hundred yards from the house, I concluded that it was 
the source of the trouble. On further investigation 
I found no other bad places. Mr. Magnison was 
in the habit of working around this place in the even- 
ings, and so got inoculated. In the afternoon I sprayed 
and shall have the pipe fixed." On September i6th 
Mr. Magnison reported that he had had no malaria since. 

Mr. Cornell resigned on August nth, and was suc- 
ceeded on the same day by Mr. W. H. Davidson. Mr. 
Davidson continued the work of inspection and oiling, 
keeping th^ situation in hand until September 9th, 
when he resigned. It was unfortunate that he should 
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have resigned at this time, as it was impossible to get 
an experienced man for continuous work during the 
rest of the season, especially so because of the fact that 
it is usually during September and October that the 
greatest number of cases of malaria seem to develop, 
and therefore the greatest vigilance should be exercised 
at that time. 

Mr. Davidson was succeeded by Mr. Harold F. Gray, 
who arranged to devote two days a week to the cam- 
paign, commencing on September i6th. Owing to 
the small amount of time available, the territory covered 
was reduced to the immediate vicinity of Penryn, and 
more time than heretofore was spent on publicity and 
educational work. Instructions concerning malaria- 
control methods were posted in prominent places, an 
endeavor was made where time permitted (and the 
opportunity) to talk personally to the people ; a large 
number of the July Bulletin of the State Board of 
Health containing Professor Herms' article on malaria 
control ("How to control Mosquitoes, with Special 
Reference to Anopheles ") was distributed ; and a talk 
was given to the local school children on the relation 
of the mosquito to malaria, illustrated by photographs 
kindly supplied by Professor Herms, and by actual 
demonstrations of the larvas in the field. The two 
varieties (Culex and Anopheles) were grown under 
glass jars in the classroom from larvas to adults. A 
talk to the school children on the same subject was 
given by Mr. Leak on May 5th. 
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A rain on October loth, nth, and 12th washed out 
old pools and was followed by warm weather, which 
dried up the greater part of the pools. It was therefore 
unpecessary to do much oiling, and the greater part of 
the remaining time in October was devoted to getting 
together the material for this report, and working it 
up. 

The Problem at Penryn. — Previous to the introduc- 
tion of irrigation water it is certain that malaria 
was not endemic. The natural drainage is excellent, 
and the long, warm summers dry up in a very short 
time any pools left by the spring rains, thus giving the 
mosquitoes little chance to breed. Whether Anopheles 
were present before irrigation was introduced is not 
known, but the mosquito has certainly been present 
since, being imported probably from the valley region. 
It is easy tp conceive of a person with malarial parasites 
in his blood coming into this region after the introduc- 
tion of Anopheles, and from this person the Anophe- 
line mosquitoes becoming infected, and in turn inoculat- 
ing other persons, the disease then becoming endemic. 
This can only occur where conditions are favorable 
to mosquitoes, and implies the presence of standing 
water during a large portion of the year. 

Owing to the good natural drainage and the dry 
summer weather, the presence of pools and marshes 
in summer is an unnatural condition, and can be ex- 
plained only by improper use of irrigation water. 
Irrigation should always be accompanied by provision 
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for the removal of excess and seepage, and wherever 
such provision is not made, standing water will ac- 
cumulate in the low spots, not only causing unhealthy 
conditions, but in some cases impairing the value of 
the land by flooding on the deposit of alkali, as may be 
seen in the San Joaquin Valley. 

Permanent control of malaria in the vicinity of 
Penryn therefore depends on the control of waste 
irrigation water by means of efficient drainage, the 
provision of overflows and waterways from main ditches 
and laterals, and the prevention of leaks and seepage 
from the ditches. The Sacramento Valley Irrigation 
Company, known as the Kuhn or Pittsburg Project, 
at Willow, California, realizes this so thoroughly that 
they are spending nearly as much money on drainage 
works as on irrigation ditches. 

There are few places in the vicinity of Penryn where 
the land is naturally swampy, and these places can be 
cheaply remedied by assisting the natural drainage, 
or in the case of the small pools, by filling. 

The work of the Field Agents in the past year has 
been confined to temporary work almost exclusively, 
as the funds available were not sufficient to do extensive 
permanent work . Oiling methods have been employed 
and some experiments were made with nicotine sul- 
phate, a quantity of which was kindly donated by the 
Kentucky Tobacco Products Company. While ef- 
fective, the nicotine was found to be impracticable, 
on account of expense, and it does not kill the larvse 
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as quickly as oil. It has the additional disadvantage 
of being poisonous. In the oiling methods a knapsack 
spray pump having a capacity of five gallons was used. 
The oil applied varied, the following being used : 
stove distillate, either straight or mixed with crude 
oil, and water white, straight or mixed with crude oil. 
The oiling kills all the wrigglers and tumblers within 
fifteen minutes. Nicotine sulphate does not kill all the 
wrigglers and tumblers in less than five hours. 

To properly protect Penryn by oiling methods would 
require an annual expense of about $900.^ This would 
be a constant expense, and if for any reason the con- 
trol were discontinued, conditions would soon relapse 
into a state as bad as previous to the beginning of 
control. The cost of permanent improvement work 
would be slight as compared with the benefits obtained 
(Professor Herms has estimated it at about ^200 per 
square mile for a tract of ten square miles), and the results 
would be maintained in effective condition with but 
a slight annual expense. It is more effective, better 
and cheaper in the end to install permanent work and 
provide for the slight annual expense of maintenance. 
Owing to the uncertainty of the popular subscription 
method, permanent work over a large area cannot be 
done in a businesslike manner, and therefore such 
work should be put on a basis of taxation of the people 
benefited. It is possible for the Board of Supervisors 

' The reader's attention is called to later estimates given on another page 
of this book. 
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to levy a special sanitary tax of one half mill on the 
dollar, but this would put part of the burden on people 
not directly benefited. The State Sanitary Districts 
Act ' makes it possible to control infectious diseases 
endemic in a definite locality by throwing the expense 
on the people directly benefited and by taxation assures 
that sufficient money will be raised. 

The State Sanitary Districts Act provides for the 
formation of a sanitary district for the control of 
infectious diseases, and other measures of sanitation 
as follows. A petition signed by twenty-five residents 
and freeholders within the district to be formed is 
presented to the Board of Supervisors ; the petition 
states the name and boundaries of the proposed dis- 
trict, and asks that an election be called to establish 
the district. The Board of Supervisors within thirty 
days from the presenting of the petition must order 
that an election be held, the date of the election to be 
within sixty days from the date of the order. At 
the election, besides voting for or against the district, 
a Sanitary Assessor and five members of the Sanitary 
Board are voted for. The members of the Sanitary 

• Laler investigations by Mr. Gray in regard to the "Sanitary Districts 
Act" have shown that bonds can be voted by the district only for sewer 
construction, and with the present tax Umit of i s cents on tioo, aside from the 
tax to meet payments of principal and interest on bonds, not enough money 
could be raised for the purpose. For instance, in the Penryn district the 
assessment is $430,000, which at a tax limit of 15 cents on Jioo would yield 
only $675 a year. It is desirable that a special enabling act be passed by 
the next legislature. 
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Board serve without pay. After the district is estab- 
lished, the Sanitary Assessor estimates the value of 
the assessable property within the district and the 
tax necessary to pay for the work required. The Sani- 
tary Board directs the work, and engages the neces- 
sary assistance to carry it forward. It. is important 
that some professional man especially prepared by 
education and experience should be placed in charge 
of the work. 

Results Accomplished. — It is not possible to entirely 
eliminate malaria from a community in a single season, 
or even in several seasons. Even under the most favor- 
able conditions of construction of all necessary improve- 
ments, oiling where temporarily necessary during such 
construction, rigid sanitary inspection and control, 
and medical treatment and protection of all cases of 
malaria, cases of long standing may suffer relapse. 
Malaria is a disease which may remain latent in the 
system for a long time after the subsidence of the 
original infection and attack of fever, and then appear 
on exposure or overexertion, and entirely without fresh 
inoculation by the bite of an infected Anopheline 
mosquito. This is especially true in the case of adults. 
Children, while subject to attacks of greater severity 
than adults, recover generally more quickly, due to 
their greater physiological elasticity, and are less sub- 
ject to relapses. In addition a parent will usually 
call in medical attendance for a case of malaria in his 
child, and to save the expense will neglect proper 

,C.ooglc 



loo MALARIA 

treatment of his own case. It is therefore plain that 
the best index of the efficiency of the methods used in 
any malaria-control campaign will be the relative num- 
ber of cases of malaria among the school children 
during the period of control, and the number of cases 
during the same period in the previous year when 
there was no attempt at control. The appended report 
on the number of absences due to malaria among the 
school children at Penryn during 1909 and 1910, 
kindly furnished by Mr. Huffaker, Principal of the 
School and Treasurer of the Committee, shows con- 
clusively that much good has been accomplished. 
Unfortunately, only four months of each year are avail- 
able for accurate figures for comparison, based on 
school attendance. During the spring and summer 
months of 1910 the decrease in absence from school 
due to malaria is apparently greater than that shown 
by the figures given, but the school records were not 
kept in such a manner that the actual figures are 
available. The months of September and October 
were the least efficient of any during the control, as it 
was not possible to have a field agent constantly on the 
ground during these months. Under the circumstances, 
I consider that the results have been far greater than 
could have been expected, for while many residents 
have actively aided the campaign, a great many have 
been indifferent, and a few, through ignorance, have 
been hostile. The majority have not taken sufficient 
personal care to prevent being bitten by mosquitoes 
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and it has not been possible to keep persons affected 
with malaria screened during sleep, thus preventing the 
infection of such Anopheles as may have escaped the 
vigilance of the Field Agent, which may in turn, after 
a period of ten or twelve days, inoculate another 
person. 

As to the general conditions with regard to both 
adults and children, Dr. O. L. Barton of Loomis, 
whose practice includes practically all cases in Penryn 
and its vicinity, personally told me, and authorized 
me to state in his name, that there has been very much 
less malaria this year (1910) than last year (1909) and 
that a large majority of the cases this year have been 
chronic forms, manifesting themselves principally as 
malarial neuralgia. He further stated that in his 
opinion, even if it were not a fact that malaria is trans- 
mitted only by Anopheline mosquitoes, the personal 
comfort of a summer free from mosquitoes and their 
attendant irritating bites is well worth the cost of the 
control, and that next year Loomis ' would certainly 
have an efficient control campaign throughout the entire 
year. He expressed himself as being very much in 
favor of cooperation among the communities in Placer 
County affected with malaria, especially on the basis 
of the formation of a Sanitary District. 

Conclusion. — It has been demonstrated that malaria 
can be and has been controlled in Penryn through 
the destruction of the Anopheline mosquito, which 
■ Loomis did not cany on a crusade in 1911. 
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is the only known means of transmission of the disease. 
In conclusion it would be well to show what is gained 
beyond the improvement in health of the community 
which is alone sufficient "excuse" for the expendi- 
ture of many times the cost of the present cam-, 
paign. 

Fruit growing is the most important industry of 
Penryn, and like all forms of agriculture is dependent 
on labor for the gathering and marketing of its prod- 
ucts. Labor imported into a malarial district is 
quickly attacked by the disease. Such men as remain 
and work in spite of the disease are only capable of 
doing a fraction of a man's work, although receiving a 
full day's pay, resulting in a direct loss to the em- 
ployer. The men who leave on account of the disease 
spread the report that the district is malarial, making 
it increasingly difficult to obtain labor, and therefore 
fruit may be spoiled or not even picked for lack of 
men to gather and pick it, another direct loss to the 
employer. Finally, the district having the name of 
being malarial, real estate values depreciate, a loss to 
the owner. A typical case of the latter is personally 
known to me. A certain property in Penryn was 
several years ago listed for sale In San Francisco, but 
the agents frankly told the owner that it would be 
impossible to sell it on account of the reputation of 
the region for malaria. It was admitted that the 
property was valuable, and well worth the price. 
Cases are known where ranches producing a yearly 
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income of at least $20cxd cannot be sold for more than 
about ^8000, and then only to persons who do not 
work them, but lease. Such a price is out of all pro- 
portion to the earning capacity of the property. 

It is therefore demonstrated that malaria is a direct 
financial loss to a community in at least four ways : 
first, through the loss in doctor's bills, cost of medi- 
cine, and incapacity for work on the part of the actual 
resident ; secondly, through the inefficiency of labor . 
affected by the disease ; third, through the lack of 
labor ; and, fourth, through the depreciation in the 
value of real estate. 

If Penryn should continue the control work in the 
future, either separately or in cooperation with adjacent 
towns, it is highly desirable that accurate records be 
kept of the cost of the work, and that statistics be 
compiled, of the malaria cases. 

Above all financial considerations should be placed 
the fact that the endemic existence of malaria in a 
community is a reproach to the inhabitants therein, 
individually and collectively. Penryn is to be con- 
gratulated on being the first rural community in Cali- 
fornia to take intelligent steps to rid itself of the dis- 
ease, and especially that it has public-spirited citizens, 
who, with a vision of better conditions, have been will- 
ing to make sacrifices to obtain them. Such sacrifices 
should' not be permitted to continue, but all should 
work together for a common benefit. Malaria con- 
trol will pay a far greater profit on the invest- 
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ment than any other improvement, either public or 

^ ■ Respectfully submitted, 

Harold Farnsworth Gray, 
Field Agent and County Sanitary Inspector. 

Analysis or Cost of Penryn Campaign 

Field and Laboratorj' Equipment $ 3°-^3 

Materials {oil, etc.) 35-20 

3. Freight 4.27 

4. Salaries of Field Agents 45^-70 

Expenses of Expert (Professor Herms) I29'i5 

Expenses of Field Agents 39-7° 

Incidentals 17.90 

Total 1715-75 

Percentages or Total Cost 

Peb Cent 

1. Field and Laboratory Equipment 4.3 

2. Materials J.o 

3. Freight 0,6 

4. Salaries of Field Agents 64.1 

5. Expenses of Expert {Professor Herms) 18.0 

6. Expenses of Field Agents 5.5 

7. Incidentals 2.5 

Total 100.0 

Number of days Field Agents worked in each month : March, 
31; April, 20; May, 23 ; June, 30 ; July, Z2; August, 31; Sep- 
tember, 15; October, 6; November, i. 
Approximately 360 gallons of oil used. 

From the above it will be seen that the Field Agents 
devoted about 180 working days to the crusade, at a 
total cost, materials and all, of about $715. The area 
continuously covered during that time was approxi- 
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mately eight square miles. This means that the 
campaign cost Penryn about forty cents a day per 
square mile of protection. Where there are only ten 
families to a square mile the protection afforded would 
cost approximately four cents a day per family, and 
yet one man was required to bear more than half the 
total cost of the crusade. 

Local Occurrence of Anopheles. — The first careful 
field inspection in the vicinity of Penryn and Loomis 
was made January 14 and 15, 1910. At that time 
no wrigglers of any kind were discovered. Occasionally 
adult mosquitoes were reported occurring in houses 
during January. On February 11 and 12, balmy 
spring days, Anopheles mosquitoes were flying about 
abundantly during the daytime, and few persons, if 
any, escaped being bitten. Six specimens were taken 
in the office of the Penryn Fruit Company in a very 
few minutes. The school-teacher at Newcastle re- 
ported swarms of mosquitoes emerging from beneath 
the schoolhouse. 

All these mosquitoes, and none other than Anopheles 
could be found, were coming forth from their winter 
quarters, i.e. had been in hibernation, consequently 
were hungry and were actively in search of blood 
during the daytime. In a few days this day flying 
ceased. 

A careful search was made on these dates for Anoph- 
eles wrigglers, but none was found, although Culicine 
larvje were abundant. The first Anopheles wrigglers 
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were found March ii and 12 in the swampy grass 
areas around Penryo and Loomis. 

The following data show the distribution for Penryn 
from this time on ; — 



Data on Places where Anopheles Wrigglers were Found 



CalHson (lower end pasture) 

Griffith 

Snelling 

Douglas (pasture) . . . 

Callison 

Griswold 

Owens 

Callison . ... . . 

Turner (and adjoining) 

Gibson . 

Snelling 

Gibson (swamp to north) . 
Producers (swamp near) . 
Gibson (swamp near) . , 
Secret Ravine .... 
Gibson (pasture) . . . 

Magnison 

Antelope Creek .... 
Snelling (Japanese house) . 
Snelling (Japanese house) . 

Hale 

Gibson (peach orchard) 
Snelling (pasture), , . . 
Near R.R. tracks (leaky 

pipe) 

Butler (pasture) . . . . 

Camp No. 14 

Camp No. 12 

Red Ravine 

Struble 

Graff (back of saloon) . . 
Old China Slough . . . 
Producers (drain under 

warehouse) .... 
Owens 



March 14 

17 

17 

19 
April 12 

27 

27 

28 
May 4 

>4 

31 
June 17 

23 
July 16 

t6 
August I 

S (see report) 



September 2 



25 

29 (much mala 



Larvae 
Larvae 
Larvae 
Larvae 
Larvae 
Larvae 
Larvae 
Larvae 
Larvae 
Larvae 
LarvjE 
LarvjE 
Larvae 
Larvae 
Larvae 
Larvae 
Larvae 
Larvae 
Adults 
Adults 
Larvae 
Larvae 
Larvae 

Larvae 

Larvae 
Larvae 
Larvae 

Larvae 
Larvae 
Larvae 

Larvae 
Larvae 
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There have been many other cases where Anopheles have been 
identified, which were not specifically stated in the reports of the 
Field Agents. Also many other places where the evidence indicated 
Anopheles so strongly that a specific identification was considered 
unnecessary and the place oiled at once. Camps No. 12 and 
No. 14 are Southern Pacific Construction camps beyond the 
protected district and throughout the year have been full of 
malaria. 

Just as soon as the mosquitoes became conspicuous 
by their absence, people began asserting that it was 
.an "off year" for the insects. It was quite generally 
remarked that one could sit out on the open porches 
and enjoy the beautiful evenings without being pes- 
tered by mosquitoes, but few credited this to the 
mosquito crusade. (This also holds good for the 
Oroville campaign.) However, any one who found it 
necessary to travel over the state or even just outside 
the protected areas discovered the difference very 
quickly. Not only were mosquitoes present elsewhere 
in normal abundance, but in some places they were 
unusually bad. No account had been taken in the 
protected districts of the innumerable wrigglers that 
had been killed by the "mosquito man" or had been 
prevented from ever beginning their existence. After 
a while the prejudice subsided and the credit was 
placed where it properly belonged. 

The prevalence of malaria in the adjacent districts 
was especially striking when compared with the cru- 
sading district. The statements made by prominent 
physicians practicing in these districts are still further 
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evidence of these facts. From a letter received from 
Dr. C. L. Wellman, dated' November 3, 1910, the 
following is quoted : — 

"From the fifteenth of August to the first of September we 
had forty-eight {48) cases of Malaria who were admitted to the 
hospital. During the month of September sixty-nine (69) were 
admitted and seventy-two (72) in October. Of course this does 
not include the cases which were not treated in the hospital but 
were prescribed for in quarters. Of these we have no record. I 
think a safe estimate of the prevalence of Malaria among the 
workmen would be 25 per cent. It seems to be fairly evenly 
distributed between Rocklin and Clipper Gap." 
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FIELD AGENT GRAY'S POSTER 
MALARIA 

Malaria Is caused by a microscopic organism in tlie blood, 
introduced into the human body by the bite of a certain species 
of mosquito (Anopheles mosquito) which breeds in still water, 
preferably in grassy marshes having a few inches of standing 

The malaria-bearing mosquito is seldom found more than too 
yards from the place where it is bred. 

Malaria Can be Prevented by the Following Measures 

1. Drain all damp areas where possible, especially such as are 
grass covered. You will not only remove a possible source of 
infection but will increase the value of such land. The drainage 
ditches should be given as much and as even slope as possible, 
and should have clean, straight banks with a berm. Tile drains 
are the most effective, but are more expensive than open drains; 
they are, however, well worth the extra initial cost. 

2. Standing pools of water which can be more easily filled than 
drained should be filled with earth to the surrounding surface 
level. 

■ 3. Stop at once any and all breaks in irrigation ditches and 
water pipes. Such breaks very often cause pools or marsh most 
favorable to the breeding of the malaria-bearing mosquito. 

4. Large ponds and streams which exist throughout the year 
will not breed mosquitoes if stocked with minnows, sticklebacks, 
etc., which eat the larvEc, or young mosquitoes. 

S- Clean up your premises. Clear away all brush within 
100 yards of your house. Do not allow standing water to r 
in tubs, buckets or old tin cans. 
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A THIMBLEFUL OF WATER WILL BREED MANY 
MOSQUITOES. 

6. Keep your well thoroughly covered by a screen, especially 
at night; mosquitoes arc seldom active during the day. 

7. Screen the windows of your house, especially in the bed- 
rooms. Be sure that the screens are effective. A fine-mesh 
copper screen is best. 

8. Interest your neighbor, and see that he takes as much care 
of his place as you do of yours. THIS IS IMPORTANT. 
COOPERATION WILL ACCOMPLISH MORE THAN 
SINGLE EFFORTS. 

The Sanitary Inspector will be glad to advise you as to the 
best method of removing sources of malaria-bearing mosquitoes 
from your premises. This advice costs you nothing. 
Harold F, Gray, 
Sanitary Inspector, Placer County, California; 

Field Agent Malaria-mosquito-control Campaign. 
Pemkvh, September 30, 1910. 
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THE PRESS 

The writer has from the beginning of this work 
considered the Press as one of the most potent educa- 
tional agents. The campaigns at Penryn, Oroville, 
and Bakersfield have at all times received intelligent 
newspaper support. At no time has the work been 
thrown in disrepute by ridiculous statements or over-- 
drawn accounts. On several occasions these crusades 
have received whole-column editorial comment and 
encouragement. The Sacramento Bee, the Sacramento 
Union, the Oroville Register, Oroville Mercury, Bakers- 
field Echo, and Bakersfield Daily Califomian deserve 
special credit for their intelligent agitation along the 
lines of malaria control. The following extracts from 
newspaper clippings will show how the people of a given 
community were reached and given an account of the 
progress of the work as well as suggestions for the 
future : — 

"Professor W. B, Herms, who is in charge of the a nti- mosquito 
campaign, was in the city yesterday. Professor Herms had the 
following to say with reference to the campaign here : 

" With the disappearance of mosquitoes in Oroville and 
the immediate vicinity, which is surely taking place, the citizens 
should not rest on present accomplishments, but should continue 
vigorously to wage the campaign. The fullest results will be 
appreciated during the next two months, when other communi- 
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ties, not carrying on such a crusade, will be pestered with an 
abundance of mosquitoes. With the disappearance of the mos- 
quitoes, malaria is also said to be on the wane, according to the 
statements of several close observers. 

"All situations in which Anopheles breed have now been dis- 
covered and are under control. The situation most feared, 
namely, the pools left by the receding water of Feather River, has 
been found to be of comparatively easy control. The work now 
being done along the levee demonstrates beyond a question that 
malaria need not exist nest the river in any town similarly situ- 
ated. Countless thousands of malaria-transmitting mosquitoes 
were found to be breeding in these pools, kept under constant 
surveillance in expectance of what has actually happened, Mr. 
Bairos (Field Agent) has already succeeded in draining several of 
these left-over ponds, diverting the water into the river, and the 
use of only ten gallons of oil along the levee during the last two 
or three days has reduced the number of wrigglers to a minimum 
and the rest will be taken care of during the next day or two. 
Thus what was looked upon as the greatest menace has been 
reduced to a controllable situation. 

"In all cases where malaria has existed at any time, there 
have also been found the breeding places for Anopheles in the im- 
mediate vicinity. The correlation between the two conditions 
has now been established absolutely, the last spots having been 
determined during the past day or two, as already mentioned." 

"Though only a partial survey was made of Oroville on Mon- 
day by Professor Herms, yet the observation was complete enough 
to make it possible to state that the work of killing the malaria- 
breeding mosquito in Oroville will not be as difficult a task as 
was at first supposed. In the first place, it was learned imme- 
diately that the dredger ponds, with their load of muddy water, 
offer no menace, as the Anopheles mosquito does not breed there. 
In the second place, the stagnant reservoirs of water, while emi- 
nently unhealthy, do not in their turn breed the Anopheles. 
Nor does the river, with its burden of running water. Where the 
Anopheles was found in Oroville, was rather in pools of clear 
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fresh water, that had collected from leaks in pipes or from other 
sources, and in which grass was found to be growing, 

"The fact that there is no extended marsh in and around 
Oroville, according to Professor Herms, will greatly lessen the 
problem of eradicating the mosquito here. But while attention 
will be particularly devoted to these places, yet other spots in 
which other mosquitoes breed will also be drained and treated 
with oil, in an effort to rid Oroville of the insect pest." 

"Professor Herms, who has supervision over the anti-mos- 
quito campaign, was in Oroville yesterday, and spent the day 
in consultation with Field Agent Ben Bairos. Discussing the 
campaign. Professor Herms had the following to say: 

"'The card system of reporting the condition of premises, as 
used by the inspector, is not only an important factor in the local 
health campaign, but will prove a source of information for future 
use by the City Board of Health. Mr. Bairos, who is collecting 
this data, will always offer suggestions and recommendations for 
the abatement of nuisances when found and ordered corrected. 
It will be necessary that corrections be made at once. Many of 
the business men have taken an active interest in this, and have 
their yards and inclosures in good condition. Business houses, 
especially where food products in any form are handled, should 
willingly do their part, A clean establishment both in the show 
window, main floor, and back yard, is the best kind of recom- 
mendation. 

"'Very commendable work is in progress on the east side 
reservoir, and will be carried to completion. The leaky ditch in 
the El Medio Tract is badly in need of permanent repair; the 
conditions on either side produce an abundance of Anopheles 
mosquitoes. We are glad to state, however, that the necessary 
repairs and corrections will be made soon, according to the state- 
ment of those in authority.' " 

"Assistant Professor Herms of the University of California, 
who has complete charge of the anti-mosquito campaign now 
being carried on here, arrived in Oroville last night, and to-day 
will go over the field with Mr. Ben Bairos. 
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"In an interview granted the Register last night, Professor 
Herms expressed himself as greaty pleased with the progress of 
the campaign here. He said : 

'"The personal interest on my part is growing as I see the 
sane development of this important movement. The work as 
carried on by Mr. Bairos, my Field Agent, is thoroughly satis- 
factory. The original plans are being carried out in every re- 
spect and results are already evident, not only in the growing 
knowledge of the subject, but in the actual control measures. 
Many, many thousands of mosquitoes have already been de- 
stroyed and countless thousands have been prevented from com- 
ing into existence. 

'"The demonstrations and lectures which are being given in 
the store windows, on the street, and in the schoolhouses are of 
inestimable value in disseminating the knowledge which will 
make this campaign a success, basing the work on rational prin- 
ciples. Even the children will know the significance of the cam- 
paign, and already they are organizing to carry on the fight and 
know much about the habits of these insects. 

"'The citizens of Oroville are to be congratulated upon their 
wide-awake interest in matters of public health. Outside interest 
is keen, and men of wide business reputation do not hesitate in 
expressing their praise with reference to this splendid movement, 
Oroville's example will be followed soon in many parts of the 
State. 

"'The proposed "clean-up" day is a movement in the right 
direction, not because Oroville needs to clean up more than 
other towns of its size, but because she wants to be the " Gem of 
the Foothills" indeed, and the citizens now know that many 
places which have been considered insignificant heretofore are 
indeed breeders of disease and can be easily remedied. Con- 
certed action under proper direction will bring this about. Well- 
kept lawns, tidy back yards, clean stables and outhouses will 
add much to the sum total' of public health. Rubbish heaps 
cleaned away, tin cans removed and buried, garbage heaps de- 
stroyed, — all this should be attended to. Enlisting the school 
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children systematically in this day's work is proper. These 
little hands love to help, and they can accomplish much and will 
learn thereby to keep up and advance the work now being in- 
augurated. 

"'The tag-day is commendable, and will stand out as an event 
unique in the history of anti-mosquito campaigns. The scientific 
apparatus, which will greatly facilitate the progress of demon- 
stration and control, has arrived, and will be installed in a suit- 
able laboratory as soon as possible. Charts and drawings illus- 
trating the life history of mosquitoes and ihcir relation to public 
health, will be placed upon the walls, and exhibits of the living 
insects will always be on hand. The public will be welcome to 
visit the laboratory during certain hours.'" 

Other Publications Used. — Besides the local press, 
which published frequent articles on mosquito control, 
several publications were used and widely distributed, 
among them the California State Board of Health 
Monthly Bulletins, especially of the July, 1910, issue, 
containing a paper by the writer on "How to control 
Mosquitoes, with Special Reference to Anopheles." 
The May Bulletin was also widely circulated on 
account of the article entitled "How to control the 
Common House Fly," as was also the November 
Bulletin with a paper on "Anti-mosquito Organiza- 
tions in California." 

A printed address entitled "Protecting California's 
Health Resources through the Control of Disease- 
bearing Insects," delivered before the Commonwealch 
Club at San Francisco, was found useful, inasmuch as 
it touches upon the value of this work to the State. 
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The following extracts from the Field Agent's daily 
notes will serve to indicate the methods pursued in 
this community and vicinity. 

Daily Notes from Field Agent Bairos' Report 

April I, 1910. Went over the situation near the 
Lava Bed Dredgers demonstrating the use of the spray 
pump and left one out there for future use. The 
Company took up the work. Later had the ponds 
along the river near the bridge oiled. 

April 2, 1910. Inspected the ground above bridge 
and toward East Side schoolhouse. Found many 
old mining shafts in the field near the schoolhouse, 
flagged one in particular for the purpose of demon- 
strating the methods of destroying mosquito breeding 
places to the school children ; oiled remainder. 

April 4, 1910. Prepared bottle exhibits of wrigglers 
for the schoolroom demonstration. Gave chalk talk 
lecture to school children at East Side and had them 
visit pond outside of school yard. Took some photos. 
Continued the oiling of that field in the afternoon. 
Some school children were found in the field interested 
in the mosquito ponds. 
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April 5, 1910. Wrigglers in window exhibits 
hatched. Many spectators gathered about window to 
inspect the simple life of the mosquito. Gave simple 
explanation of what was occurring there to those 
interested. Inspected some of the southeast part of 
town where tub, horse's trough, and barrel were found 
containing many wrigglers. Demonstrated mosquito 
work to a number of citizens and children thereabout. 
Took photos of children. In afternoon went over the 
ground in Thermalito and Natomas Consolidated 
dredgers with J. J. Hamlin and flagged most important 
places so as to stir up interest in that vicinity. 

April 6, 1910. Inspected along the levee and back 
of part of business section toward Chinatown. Found 
five barrels back of restaurant filled with water; 
many wrigglers were found in three of them, the other 
two had been swill barrels and had some grease in 
them which prevented wrigglers from breeding. A 
number of citizens became interested in these barrels. 
Prepared more exhibits for school children. Went 
over the ground as far as Indiana dredgers ; found 
some dredger buckets back of Boston Machine Shop 
with wrigglers and flagged them. 

April 7, 1910, Spent the whole day In demonstrat- 
ing to the school children by chalk talk lecture and 
exhibits prepared. Visited ten rooms at the Bird 
Street schoolhouse. After school hours passed the 
Boston Machine Shop and found that buckets had all 
been turned over, also found some of the school chil- 
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dren about the rock piles looking for ponds. Took 
photos of a few of them. 

April 8, 1910. Demonstrated by chalk talk and 
bottle of wrigglers to school children at Thermallto 
the work of the league. Found a ditch with Anoph- 
eles mosquito wrigglers near the schoolhouse. In- 
spected the ground about Oro Vista and El Medio. 
Found leak in the Palermo Land and Water Company's 
ditch above reservoir which caused a large field to be 
flooded and made great breeding places for Anopheles 
mosquitoes. 

April 9, 1910. Professor Herms came up and 
visited some parts of field work, in particular the 
ground about the reservoir. Inspected the El Oro 
dredger ground and flagged many old mining shafts . 
and ponds containing water and demonstrated the 
mosquito work to the superintendent there. 

April II, 191D. Put man to work oiling and re- 
pairing ditch in the field above the reservoir. Flagged 
another field on opposite side of the ditch into which 
some water from ditch was overflowing and where 
many Anopheles wrigglers were found. Found a few 
Culex eggs. 

April 12, 1910. Prepared some more window ex- 
hibits for the business section and demonstrated the 
work of the league to the high school students and 
continued the flagging of the El Oro dredger ground. 
Showed the men belonging to the Company method of 
oiling. 
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Progress During Second Year. — The following data 
taken from H. F. Gray's report for 191 1 indicate the 
progress made in the second year's work. 

Oroville continued the anti- mosquito campaign in 
1911, but on broader lines. The control of the house 
fly and matters of general sanitation were combined 
with the work against the mosquito. Special attention 
was paid to educational publicity, and an earnest 
attempt was made to bring the citizens to a realiza- 
tion of the importance of better health conditions. 
From the standpoint of increasing the public virtue 
and interest in such matters, the campaign was an 
unqualified success. Though no actual statistics were 
available, it is certain that malaria was reduced be- 
yond the reduction of the previous year; in fact, at 
present malaria is practically stamped out within the , 
city limits. As a mosquito eradication campaign alone, 
however, the campaign was not completely successful 
for several reasons. Owing to the expected early 
completion of the sewer system, cesspools were in 
extremely bad condition, and many were breeding 
Culex mosquitoes, but no Anophelines ; the weather 
conditions (a large precipitation in the winter, a cool 
spring, followed by a sudden onset of the hot weather) 
were such that mosquitoes were naturally unusually 
numerous ; the campaign being general, the efforts of 
the Field Agent were divided among several important 
matters, and while every endeavor was made to eradi- 
cate Anophelines whenever found in either larval or 
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adult stage, the presence of Culicines, except in large 
numbers, was not considered as a matter requiring 
unusual efforts to exterminate them. 

The good results of the campaign were many and 
may be summarized as follows : — 

1. A further reduction of malaria almost to the 
point of actual elimination. 

2. The appointment of an able and efficient Board 
of Health, which has the confidence of the people, and 
does its duty. 

3. The passage of ordinances against mosquitoes 
and house flies, which in the hands of the present 
Board of Health will bring results. 

4. The improvement of garbage removal and dis- 
posal. 

5. An increased knowledge of sanitation on the 
part of the citizens, and a strong sentiment on their 
part for the further extension of public health measures 
in their city, together with a general improvement of 
the sanitary condition of the city made by each citizen 
taking proper care of his own premises. 

6. A demand for the continuance of the campaign in 
1912. 

The campaign cost about ^1500 for eight months, 
of which about 36oo was supplied by the city govern- 
ment and about $300 by the Anti-mosquito League 
through subscription ; the remainder was spent by 
different individuals and companies for corrections and 
improvements. 
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Results of the Oroville Campaign. — The following 
extract from the California State Board of Health 
Bulletin of February, 1912, under the heading "Oro- 
ville and Malaria part company" is ample comment 
on the results of two years' aggressive crusading 
against malaria in Oroville. 

"It is not known how malaria came into California, 
but it is here. There Is some evidence to suggest 
that it came with the influx of pioneers from the malaria- 
ridden lowlands of the Mississippi Valley, and finding 
Anopheles mosquitoes and other favorable conditions, 
stayed and prospered as did the other pioneers. Oro- 
ville was one of the early towns that developed In re- 
sponse to the demands of the miners, and having been 
established, grew because of its superb location and 
the richness of its contributing territory. But this 
location was also favorable for malaria. Innumerable 
stories have been told of the quinine cup on the mantel 
shelf and reservations for 'chill day' in making all 
appointments. Such stories had a grim foundation 
in fact, and are still uncomfortably near the truth 
for some sections of California. But Oroville has 
applied the new discoveries of science, and is waging 
incessant and successful warfare on the disease. Under 
recent date the following newspaper item has appeared : 

"'Sacramento Bee, February 22, 1912. 

'"Malaria has been Eradicated in Butte. 

"'Hospital Records Show Disease has been Placed 
Under Control. 
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"'Oroville (Butte Co.), February 22. — That a de- 
crease of 25 per cent in the number of patients cared 
for this year at the County Hospital is due to the 
increase in sanitary precautions taken by the general 
public, and to the mosquito campaign, is the statement 
of Superintendent M. L. Copeland, of that institution. 

"'Copeland states that in previous years there have 
been approximately 100 patients cared for at the hospi- 
tal, and that the average for the past year has been 
seventy-five. Twenty-five per cent heretofore, he 
says, were malarial patients. During the past year 
but four malarial cases have been treated at the 
hospital.' 

"No settler need fear for his health or his investment 
in a community that makes the policy being followed 
by Oroville a permanent part of its plan of progress. 
Unfortunately many such campaigns, like New Year 
resolutions, must be placed on probation a while before 
the stamp of final approval can be safely given, but 
Oroville has passed the stage of probation, and has 
proved that malaria can be made to 'move on' into 
the undrained lowland haunts of the Anopheles mos- 
quito, and to those communities possessing less of 
the get-together spirit evinced by the residents of the 
county seat of Butte County. 

"At the present time only ofie county in California 
has above fifty deaths from malaria annually per thou- 
sand deaths from all causes. Five counties have from 
twenty-five to fifty ; nine counties from ten to twenty- 
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five ; eighteen counties less than ten ; and twenty-five 
counties have no deaths from malaria. 

"The excellent work of Oroville and neighboring 
towns is rapidly transferring Butte County from the 
top towards the bottom of this list. Other-northern 
and central California towns and counties are carrying 
on this work with equal assurance of ultimate success. 
It is to be hoped that the next legislature will again 
take up this important question with a view to making 
a state wide attack on the last strongholds of malaria." 
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The success of a campaign depends on a proper 
preliminary survey of the situation with wise recom- 
mendations for procedure. Hardly two localities offer 
the same difficulties, and no one could wisely specify 
a workable program without first having visited the 
field and studied the situation. The following is the 
preliminary report on the Los MoHnos project. This 
report indicates the necessity for a specific study of 
each proposed crusade. 

Preliminary Report on Malaria Prevalence and Control on the 
Irrigated Land Project of the Los MoHnos Land Company of Los 
Molinos, Tehama County, California, made at the request of Thomas 
F. Means, Manager, by Harold Famsviorth Gray, under the direction 
of William B. Herms, Assistant Professor of Applied Parasitology, 
University of California, Berkeley, California, September JO, Ipll. 

Introduction. — On the afternoon of Monday, Sep- 
tember 25, 191 1, Thomas F. Means, Manager of the 
Los Molinos Land Company of Los Molinos, Tehama 
County, California, called on Professor William B. 
Herms of the Subdivision of Parasitology, University 
of California, Berkeley, California, stating that on the 
irrigated project of the said company malaria had be- 
come prevalent and that it was feared that the prev- 
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alence of malaria might make their lands less desirable 
to the prospective buyers. Knowing that malaria is a 
disease which can be eliminated by the destruction of 
the Anopheline species of mosquito, he requested that 
Professor Herms assist the said company by advising 
them as to the methods of mosquito extermination, 
and if possible to visit the project and advise in detail 
as to the best method to pursue. 

Professor Herms, being unable to make the visit 
requested, owing to press of other work, directed the 
undersigned to proceed to Los Molinos, examine the 
situation thoroughly in detail, and to report thereon. 
The following report is the result of investigations 
made on September 27, 28, and 29, 1911. 

Description of Project. — The Los Molinos Land 
Company's project consists of approximately twelve 
thousand acres of level, fertile land, lying along the 
east side of the Sacramento River, extending from 
about one mile south of the town of Los Molinos to 
within about six miles of Red Bluff on the north. 
Part of the project is at present under irrigation, and 
the remainder will be put under irrigation during the 
season of 1912. The soil is deep and porous, and the 
general height of the land above the Sacramento River 
and the various creeks and drain ways assures a good 
natural drainage. The genera] slope of the land is 
westerly towards the river. On the east the foothills 
approach the limits of the project closely. In general 
it may be stated that with the exception of the land 
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immediately contiguous to the river, the region is 
not naturally suited to a prevalence of malaria, and 
that the presence of malaria is due almost entirely to 
artificially produced conditions. 

Prevalence of Malaria. — I was unable to obtain any 
information in the field as to the exact type or types of 
the malaria parasite present in this region, as the mak- 
ing of blood smears was not possible, owing to the fact 
that every person known to me having malaria had been 
taking quinine recently, which would make a determina- 
tion by blood examination unreliable. From what I can 
find out, the infection is of a very mild form, incapacitat- 
ing a person for a few days on arrival, and not subject 
to frequent relapse. I will endeavor to find out as 
much as possible from the physicians in Red Bluff who 
attend cases in the vicinity of Los Molfnos, and report 
the information in an appendix to this report at a later 
date. There is no doubt, however, that it is a true 
malaria, and can be controlled by the usual prophylaxis. 

Presence of Mosquitoes. — The month of September, 
especially the latter part of it, is well along toward the 
latter part of the mosquito-breeding season, and it 
was not expected that they would be particularly 
noticeable. They were sufficiently in evidence in the 
evening during my visit to show that they were fairly 
numerous. Both types, Anopheline and Culicine, were 
seen in larval as well as adult form. The Anopheline 
mosquitoes were apparently mostly Anopheles maculi- 
pennis, this being the only one identified, but others 
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may be present. No determination of the Culex 
varieties was made, but there are at least two. The 
breeding belt of the greatest numbers of mosquitoes 
was found to be close to the river in low, wet areas. 
The most important breeding places, from the stand- 
point of malaria control, were found in all cases in con- 
nection with the irrigation water, either in the shape 
of seepage or overflow from the ditches, or else the result 
of excessive or careless use of the water. In a few 
cases, mosquito larvse were found in sluggish and weed- 
overgrown ditches, and only very slightly in the natural 
drains. Some of the creeks running through the 
region breed mosquitoes in pools along their edges, 
but not to any great extent, with the possible exception 
of the mill ditch below the Runyon place. A copy 
of my field notes is appended, giving my findings in 
detail. 

Conclusions. — I have given In the appendix to this 
■ report the various recommendations and directions 
that I consider are necessary to control malaria on 
this project. I consider that it is both possible and 
comparatively easy to eradicate malaria from this 
project with a reasonable expenditure of money, and 
within a reasonable length of time. In regard to the 
matter of expenditure of money I will state that the 
greater part of the work required should be properly 
charged to the maintenance account, as the necessary 
work is largely a matter of good irrigation, in keeping 
ditches in good order, and preventing loss of water 
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through seepage and waste. In regard to the matter 
of time, I am convinced that malaria may be very 
greatly reduced by the end of the year 1912, and by 
the end of the year 1913 it should be a matter of history 
only. 

This result cannot be accomplished by the efforts 
of the Los Molinos Land Company alone. To get 
the most perfect and thorough results the company 
must obtain and maintain a cordial understanding 
and cooperation of the persons to whom the land is 
sold, and at the same time must make such regulations 
with regard to the use of water that will enable them 
to control the few obstinate or irresponsible owners 
that they may have. 

Respectfully submitted, 

(Signed) Harold F. Gray. 
Approved. 
(Signed) W. B. Herms, 

Assistant Professor of Applied Parasitology, 
University of California, Berkeley, California. 
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Appendix I 

Recommendatioiis and Su^estions. — i. As a tem- 
porary measure to partly control the development of 
mosquitoes during the remainder of the breeding sea- 
son, I recommend the application of oil to the stagnant 
water known to be breeding mosquitoes, provided 
that the stagnant water is within 300 yards of a dwell- 
ing house. The oil should be a mixture of approxi- 
mately 100 gallons of "stove distillate" and 5 gallons 
of crude oil, applied in spray form from a special 
sprayer, once every 15 days' up to the middle of 
November. 

2. With the reconstruction of the ditch system 
during the coming winter and spring, every ditch should 
be put in good condition, with solid banks sufficiently 
high to prevent overflow. Sufficient grade to give 
good current should be provided. Where the ditch 
runs through soil that permits any considerable seepage, 
the ditch should be water-proofed, or the water carried 
in a pipe. The ditches should be kept with clean banks 
and free from weeds. The gates should be so con- 
structed as to obviate leakage when shut, and should 
be kept padlocked and operated only by the regular 
ditch tender. 

' During midsummer every twelve days. 
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3. In the construction of ditches, the company should 
carefully avoid borrowing dirt for banks from the ground 
immediately contiguous to the ditch bank, as this forms 
low spots which will usually fill with seepage water. 

4. Where the drainage for any piece of land is not 
sufficient to remove the seepage from a proper amount 
of irrigation, the company should cut a drain to the 
nearest natural drain, and maintain it in good condition. 

5. The company should make regulations with regard 
to the use of irrigation water, and enforce them. 
Appendix II contains a suggestion for such rules. 

6. The company should provide for a lecture by an 
authority on malaria and mosquito control at the begin- 
ning of the mosquito season in 1912, say about the 
first of March, the Company to make arrangements 
and give thorough publicity to the same to assure a 
large attendance from the people that will be affected. 

7. The Company should have printed and distrib- 
ute to the persons who already own land on the proj- 
ect, and who will buy land in the future, circulars con- 
taining the necessary concise directions to prevent the 
breeding of mosquitoes on their own premises, and to 
prevent malarial infection. (See Appendix III.) 

8. Talks should be given to the school children in 
the district on mosquitoes and malaria, as they have 
been found to be a great assistance in this matter in 
other communities doing the same work. 

9. The company should urge upon the Board of 
Supervisors of Tehama County the passage of an anti- 
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mosquito act, and also that the County Health Officer 
be given funds to put the legislation into effect. 

10. Automatic oiling of ditches and creeks is of 
doubtful value under the conditions here, but the 
automatic application of copper sulphate solution to 
the ditches to prevent or kill the growth of algse, on 
which the mosquito larvse feed, may be found useful. 
It should not be used in excess of one part per million 
of water. 
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Regulations Concerning the Use of Irr^tion Water. — 

I. Irrigation water will be supplied to water users 
at stated times, to be determined at the beginning of 
the irrigating season. If the water user does not call 
at the office of the company at the beginning of the 
irrigating season to arrange a schedule of supply, the 
company will make such a schedule as it deems proper. 
AH schedules shall be subject to change, provided that 
the rights of other water users are not interfered 
with. 

2. All head gates and other ditch appliances will be 
kept locked, and shall be operated only by the proper 
ditch tender. All persons are forbidden to tamper 
with such fixtures without proper authority. 

3. No irrigation water shall be so used that there 
will be any overflow onto adjoining property, or so 
that water in a stagnant condition collects and remains 
in any part of the water user's property for more than 
24 hours after the time that the irrigation has been 
stopped, nor more than six days from the commence- 
ment of irrigating. 

4. No stagnant water on any portion of the premises 
of a water user will be permitted for any purpose 
whatever. No stock pond shall be permitted. Water 
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troughs for stock must be emptied once a week and 
cleaned. Wells and water storage receptacles must be 
kept thoroughly screened or covered at all times. 

5. The water user must maintain any private ditch 
or ditches for distribution of -irrigation water on his 
own premises in good condition, so that seepage 
from them shall be a minimum, and no water remains 
stagnant in them. 

6. Horses, cattle, sheep, and swine shall not be 
allowed to pass over, upon or across, or wander at 
large upon any ditch or ditches owned and operated 
by the Los Molinos Land Company. 
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Appendix III 

Rules for the Prevention of Malaria. — i. Allow no 

stagnant water on your premises. Go over every part 
of your property carefully, fill in or drain every low 
spot where stagnant water can collect for any length 
of time. See that there are no barrels, tin cans, or 
other things holding water, unless they are carefully 
covered or screened. 

2. The only way In which you can get malaria is 
by the bite of a certain kind of mosquito. You cannot 
get malaria from drinking water, bad or marshy air, 
overripe fruit, stale beer, or in any way except by the 
bite of a mosquito. The mosquito breeds in stagnant 
water. Only a very small amount of water is neces- 
sary to breed many mosquitoes, and it is usually the 
small, insignificant pools that breed the greatest num- 
bers, not the big, open ponds of water. 

3. Where you find it impossible to either fill in or 
drain away water that is stagnant for more than a 
week, a coating of coal oil once a week will keep the 
mosquitoes from breeding In that water, but try first 
to get rid of the water as far as possible. 

4. Clear away all brush, tall grass, and weeds around 
your house, as these make places for the mosquito to 
hide in during the heat of the day. Keep things 
trim and neat. 
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5. Screen your windows and doors with a fine-mesh 
(No. 18) copper-wire screen, the screen frame to fit 
tight against wood strips at the back, to prevent mos- 
quitoes getting in. through the space between the 
edge of the screen and the casing of the door and 
window. If possible, sleep in the second story of the 
house. If by chance there should be mosquitoes in 
the room when you go to bed, kill them. 

6. Obey carefully the regulations of the Los Molinos 
Land Company with regard to the use of irrigation 
water. These rules are made for your own benefit 
and protection. Excessive or careless use of irriga- 
tion water not only breeds mosquitoes which cause 
malaria, but is bad for your land and your crops. 
Too much water is as bad as not enough, and is un- 
healthy besides. 

7. If you have to be out in the evening, and the 
mosquitoes should be present, be careful not to be 
bitten. If you have to go into a place where you 
know the mosquitoes are thick, wear a veil and leather 
gloves. 

8. If you have to sleep in the open where mosquitoes 
are present, sleep under mosquito netting. 

g. Quinine is of as much use to prevent malaria as 
it is to cure it. A good method is to take nine to 
fifteen grains of quinine daily for three days, then take 
no quinine for three days, and repeat as necessary. 
If you know that you have been bitten by a mosquito, 
* take quinine, and prevent having malaria, 
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10. Failure to obey these simple rules may mean 
that not only will you have malaria yourself, making 
it impossible for you to do a good day's work, but 
your family may be made sick, and perhaps even your 
neighbor. The Los Molinos Land Company is doing 
much work to prevent the mosquitoes from breeding, 
but cannot do it all. You Must Help. Keep your 
own place right. 

11. Remember this : no stagnant water, no mos- 
quitoes : NO MOSQUITOES, NO MALARIA. 
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Appendix IV 
Extracts from Field Notes 

September 27. On South Center Street, outside of 
town limits, in orchard of Douglas, overirrigation, 
leakage, and overflow from ditches causes swampy 
area near house. Larvse of Anopheles macuHpennis of 
Culex {Theobaldia incidens), and pupee found in water, 
and adults in foliage. Cases of malaria in adjoining 
house. 

Adult mosquitoes found in dense brush and foliage 
on mill race near Runyon place, small pools along 
edges. Should be brushed out and burned, and edges 
of mill race oiled. At concrete culvert of Runyon 
ditch crossing railroad tracks, small ditch running to 
right on west side tracks, sluggish current, Anopheles 
larvse. Oil. East side track here, seepage pools. 
Anopheles and Culex larvse numerous. Oil. Seepage 
water at other places along this ditch ; ditch foul with 
weeds. Further down on mill race many pools and 
other water, breeding both types of mosquitoes, but 
too far away from town to need attention at present. 

September 28. Mitchell place on end South 
Josephine Street, large area of wet ground, caused 
by water wasted for stock. Mosquito larvse very 
abundant. Shut off water and oil. 



,. Google 



138 MALARIA 

Directly back of house with masonry first story, at 
intersection of two ditches, and in between, much wet 
area due to seepage, slow current in ditches, with 
algK, both types mosquito larvse. Clean ditches, use 
CuSO* (copper sulphate) to kill algae, and oil. Stop 
seepage from ditches, and run drain down low spot if 
outlet is available. 

September 29. In road in front of Moore's place, 
puddles of water from excessive irrigation, many Culex 
larvEC, some Anopheles, also pupae. Drain ditch near 
here in bad condition ; should be cleaned out to give 
good flow. 

North of Spencer's place, 8, 26, Sub. No. 8, below 
main lateral, cattle have cut down banks, which are 
too low, causing considerable area of swamp, breeding 
both types of mosquitoes. Hog wallow bad. Place 
in unsanitary condition. In evening at hotel Culex 
mosquitoes noticeable on porch, being probably blown 
in by afternoon wind from river region. 
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THE FIELD AGENT OR INSPECTOR 

As may be seen from the foregoing reports, the 
Field Agent or Inspector must be a many-sided indi- 
vidual. Not only is a scientific equipment necessary, 
but he must also be an educator and a good "mixer." 
Sanitary inspection in this sense is not so much the 
exercise of police power, which is indeed of very minor 
importance, but it is the process whereby a citizen is 
made to see defects and is shown the way to correct 
the same. The Field Agent must be an individual of 
infinite patience and resource, — he is a personal 
worker. 

It is an unwise worker who proceeds to roundly 
denounce the man who does not at once get the vision 
of better things. This process may require some little 
time. 
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EXPENSES INVOLVED ; RAISING FUNDS 

In order that a campaign may be successful and that 

the work may continue unhampered, it is essential 

that sufficient funds are in sight to begin with. The 

raising of funds is a matter that must be settled by 

each community for the present until such legislation 

has been brought about that 

will insure county or state aid. 

Thus far the task of raising 

funds has been given over 

to civic organizations which 

through committees have solved 

the problem in one way or 

another. Several communities 

Fig. j7. Tags used on Tag .,,■<■■, i 

Day to increase funds needed in have raised their fundS by pOpU- 

mosquito control. , _ , . , 

lar subscription, while one pro- 
gressive town has had two tag days with gratifying 
results (Figs. 37, 38, 39). 

No crusade can hope to be successful unless it is 
properly organized and directed. The detailed scien- 
tific work must be done by one who is properly trained, 
and who is responsible for the results. This individual 
is the Field Agent, and his salary is the biggest item 
in the cost. That this item is really small when the 
returns in health are recognized, not only with refer- ■ 
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ence to malaria but typhoid and other infectious 
diseases, is manifest. Men who are being trained in 
the University of California as "mosquito fighters" 
are getting the 
broader training 
in "Rural Health 
Problems" as 
well. 

The average 
minimum cost of 
protection, giv- 
ing to each Field 
Agent an area of 
ten square miles 
to cover, which 
is possible with 
some assistance, 
is about $.75 per 
day per square 
mile. At this 
rate the cost of 
an average cru- 
sade covering an 
area of ten square 
miles is about ^1600 for one season, covering a period 
of eight months. Estimating the cost of quinine and 
doctors' bills at $20 per family, with not more than 
one hundred families within the ten square mile area 
(a low average), plus 25 per cent reduction in earning 



142 MALARIA 

capacity per family with an average income of ^800, 
gives a total loss of $20 X 100 (=$2000) + $800 X 100 
X 25 per cent ( = $20,000) =$22,000. Ordinarily it is 
possible to reduce the total amount of malaria by at 
least 50 per cent in one season. At this rate there is 



Fig. 39. School children selling tiigs. Tlie proceeds were added to the anti-mosquito 

a saving of $22,000 X 50 per cent — $1600=^9400 (nine 
thousand four hundred dollars) in one season to this 
scattered rural community. (The reader is referred 
to p. 7, for data relative to larger towns.) Surely this 
is a good investment. 

The following table is intended to give an idea what 
items are involved in the monthly expense account. 
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Tabular account of monthly expenses (for Oroville) ' from 
March to July, inclusive, 1911. 



Oil 

Rig hire 

Printing and stationery . . . 

Postage 

Labor * 

Sulphur 

Field Agent salary . A . .. 



$15.10 
19.50 
11,50 
1.60 



lO.CO 

125.00 



$2.50 

10.50 



$16.90 
9.00 



2.00 

.50 



^25 -45 
9.00 



$182.70 



$153-40 



$159-95 



The above estimate of ^.75 a day per square mile 
of protection does not include much permanent cor- 
rective work, and would continue from year to year 
without lessening greatly, though the educational 
factor will play an important part after two or three 
years, when individuals In a community will do con- 
siderable work of their own accord. 

The following estimate (Table V), based on a thirty 
square mile area and including all necessary permanent 
corrective work of ordinary nature, shows conclusively 

> The greater part of this work was confined to an area of about foiu* 
square miles, includipg the City of Oroville, and only about one &f th of the 
time was spent in inspecting the rural surroundings. 

' Practically all labor, to the value of approitimately 9i20, paid by dty 
street department and several private companies. 
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that a larger primary investment is the cheapest in 
the end and certainly far more satisfactory. 

TABLE V 

Estimated cost of malaria control covering a thirty square mile 
tract and including all ordinary permanent corrections. Based 
on a taxation plan. 



Items 


istYem 


JD Year 


3D YeAB 


Assessor 


$1000 


$ Soo 


$200 


Director 


2500 


2000 


SOO 


Field Agents .... 


3200 (3) 


2400 (2) 


1500(1) 


Surveys 


2500 








Maps 


750 








Stenographer .... 


900 


200 





Equipment (teams, etc.) , 


2000 








Labor 


3000 


200 


100 


Materials 


1500 








Feed 


700 


250 


120 


Supplies 


100 


50 





Office (postage, etc.) . . 


100 


100 


100 


Oil 


350 


.200 


100 


Incidentals 


200 


100 


100 




$18800 


$6000 


$2620 


TenpercentContingencies 


1880 


600 


262 




30)20680 


30)6600 


30)2882 




365M9 


160 220 


36s M 


Approximate cost per 








square mile per day . . 


$1.90 


*.6o 


$.27 
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WHEN TO BEGIN THE WORK AND WHEN 
TO CLOSE 

The best results are secured in a new district by 
eliminating as far as possible the last brood of mos- 
quitoes in the autumn, i.e. oil or drain off all mosquito 
breeding pools in October and go over the territory 
once again in November. In this way the number of 
mosquitoes which hibernate over winter is reduced to 
a minimum. The spring work should begin in March, 
depending on the weather, — if warm, the work must 
begin earlier in the month ; if cool, then later. This 
can only be ascertained by inspecting likely pools in 
order to determine whether mosquito larvae are present 
and what size they have attained. Usually the last 
larvEe are found in October and the campaign may 
usually close safely with the end of this month. This 
applies only to the Anopheles mosquito (the malaria 
bearers) and does not apply to the Culicine varieties, 
including salt marsh species. 
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LEGISLATION 

In any malaria crusade all the inhabitants of a given 
district are equally benefited ; it is therefore unreason- 
able that the entire cost of a campaign should be borne 
by a few individuals, which has been the case in several 
localities where funds were contributed through popu- 
lar subscription. Because of the equal benefits de- 
rived, some plan of assessment or state appropriation 
seems to be more reasonable, however the latter (state 
appropriation) may be objectionable unless all parts 
of the state are concerned. It should be borne in 
mind after all that bad advertising for one part of the 
state means injury to every other part, and the fact 
that malaria is present in any state is bad advertising. 
Be it also known that no community can hide the fact 
that malaria is present within its bounds, however 
strenuously it is denied. To carry on an anti-malaria 
campaign and then to widely advertise the fact is the 
best sort of advertising. Note the change of heart 
suffered by the better real estate dealers and boasters 
in several of the more progressive towns in malaria 
ridden districts. 

In January, 191 1, an act known as the Guill Bill 
was introduced in the California Legislature, and was 
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passed by both houses, but did not receive the Gov- 
ernor's signature. Had this bill become a law, it would 
have been the first enactment of its kind in the United 
States directed specifically towards the extermination 
of the Anopheles mosquito by local communities with 
the object of controlling malaria. 

The bill provided that the Board of Supervisors in 
any county, on its own motion or upon receiving a 
petition from ten or more taxpayers residing 'in the 
proposed district, should pass a resolution declaring 
Its intention to do all work necessary for the exter- 
mination of Anopheles mosquitoes, describing the 
boundaries of the district to be benefited and assessed 
for the benefits. The petition mentioned was required 
to give the boundaries of the proposed district, to 
show that a survey had been made of the district 
under the direction of the State Board of Health, and 
that such survey showed that there were one or more 
breeding places of Anopheles mosquitoes within the 
proposed district. 

The resolution of intention to do the work was 
required to be published, and opportunity was given 
to any one who objected to the work to appear before 
the Board and state his reasons for objecting. If they 
were not valid, the Board was to proceed to order the 
work done, appointing three commissioners to assess 
benefits and damages and have general supervision of 
the work. These commissioners were to have made a 
thorough sanitary survey of the district, make and 
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map a careful description of the work required, and 
report the same to the Board of Supervisors. All 
objections to this report or any portion of It were then 
to be filed in writing with the county clerk, and at the 
next regular meeting of the Board these objections 
were to be heard and sustained or rejected or modified 
according to the judgment of the Board. 

Certified copies of the report, assessment roll, and 
map were then to be filed with the tax collector, the 
taxes were then to be payable, and work to proceed 
as funds became available. 

The State of New Jersey enacted effective legisla- 
tion against the mosquito in 1906. The act reads in 
part viz. ; "An Act to provide for locating and 
abolishing mosquito-breeding salt marsh areas within 
the State, assistance in dealing with certain inland 
breeding places, and appropriating money to carry 
its provisions into effect" and "For the purpose of 
carrying into effect the provisions of this act, the said 
Director of the State Agricultural Experiment Station 
shall have power to spend such amount of money 
annually, as may be appropriated by the legislature, 
provided that the aggregate sum appropriated for the 
purpose of this act shall not exceed three hundred and 
fifty thousand dollars." 

The first sound county legislation in the State of 
California has been enacted by the County of Tehama 
and reads as follows : Ordinance No. 46. 

An ordinance to exterminate the mosquito larva. 
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The Board of Supervisors of the County of Tehama, 
State of CaHfornia, do ordain as follows : — 

Section i. No person or persons, firm or corpora- 
tion shall discharge, pour, empty out, or otherwise 
place upon the surface of the ground in any lot, yard, 
street, road, alley or premises within the limits of the 
County of Tehama, State of California, any water 
from any source whatever which remains in a stagnant 
condition within two thousand (2000) feet of any 
occupied dwelling house, or maintain water in stagnant 
condition in any barrel, can, tub or open receptacle 
of any character whatsoever, within two thousand 
(2000) feet of any occupied dwelling house. The 
presence of the mosquito larva In said water shall be 
conclusive evidence that said water is stagnant, and 
upon the finding of said mosquito larva the occupant, or 
if the premises are unoccupied, the owner, shall be liable 
to arrest, fine and imprisonment as hereinafter pro- 
vided, and if the said stagnant water, which is hereby 
deemed a nuisance, be not drained away or treated in 
a manner satisfactory to the Health Officer of Tehama 
County or his authorized representative, and within a 
reasonable period of time as determined by the Health 
Officer or his authorized representative, the said nui- 
sance shall be abated by the Health Officer. The cost 
thereof shall be paid from the General Fund of the 
treasury of Tehama County upon sworn warrant of the 
Health Officer, and the cost of said abatement shall be 
a lien upon the property upon which the said nuisance 
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was created and abated,, and shall be collected by law 
as taxes are collected. 

Section 2. WelU, cisterns, cesspools and privy 
vaults shall be so screened or covered as to prevent 
access to the contents thereof by mosquitoes, and such 
screens or coverings shall be maintained in good con- 
dition and to the satisfaction of the Health Officer of 
Tehama County. 

Section 3. All violations of this ordinance shall be 
a misdemeanor, punishable by a fine of not less than 
five ($5.00) dollars nor more than fifty ($50.00) dollars, 
or by imprisonment in the County Jail for not less 
than five {5) days or more than fifty (50) days, or by 
both such fine and imprisonment. 

Section 4. This ordinance to take effect shall be 
published with the names of the several members of 
the Board of Supervisors voting for and against the 
same, for two successive weeks in the Daily People's 
Cause, a newspaper published in the County of Tehama, 
State of California, and shall take effect June 20th, 191 2. 
(Signed) W. H. Samson, 

Chairman of the Board of Super- 
visors of the County of Tehama, 
State of California. 
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HEALTH OF RURAL SCHOOL CHILDREN 

The general health of a given community is fairly 
well indicated by the average health of the older school 
children. While it is difficult to secure satisfactory 
statistics with reference to the health of the entire 
population of a rural town, it is possible to secure such 
data for the school children, though also involving error. 
Inasmuch as the younger school children are often 
kept at home, due to weather conditions, the following 
data are based only on fifth, sixth, seventh and eighth 
grade pupils. The school used as an example, if it 
were not for the malaria, is situated in one of the most 
healthful localities in the state, — malaria is the chief 
cause for absences. 

The manner of keeping the ordinary school register 
does not furnish accurate statistics for our purpose, 
because the child is not considered a member of the 
school when it has been absent five days In succession. 
However, in a small school where the teacher is per- 
sonally acquainted with each pupil as well as parents 
he has a means of knowing just how long the child 
has been absent and for what reasons. This Is espe- 
cially true of the school data used in this connection, 
because the principal is a man who takes an intelligent 
'" . Google 
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interest in the children and is unusually well equipped 
to give the data used in the following tables. 

Table VI is based on absences due to all causes as 
recorded in the ordinary school register, while Table 
VII is based on actual count of absences due to malaria 
alone, Including cases -over five days. Two years are 
used for comparison, namely 1909, during which no 
malaria campaign was in progress, and 1910, during 
which year a crusade was carried on. It should be 
borne in mind that the control measures did not begin 
until March ist, 1910, and the Anopheles mosquitoes 
were abundant during the latter part of February and 
early March, i.e. these were insects that had been in 
hibernation from the previous summer. This accounts 
for the fact that malaria was as prevalent during March 
and April, 1910, as in the same months of the previous 
year. 
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TABLE VI 

Showing percentage of absences due to all causes as recorded 
in the ordinary register, during two successive years, 1909 with- 
out protection and 1910 under malaria-control conditions. 





DAygABSE»^ 


No. OF CamaiM °J^ 


Sr 


1909 January . . . 


39 


23 I 


70 


February . 




33 


24 I 


37 


March . . 




16 


23 


70 


April . . 




13 


22 1 


04 


September 




20 


23 


87 


October . 




37 


30 1 


23 


November 




37 


30 I 


23 


December . 




24 


30 


80 


1910 January . 




36 


30 I 


20 


February . 




30 


28 I 


07 


March ' . 




33 


28 I 


18 


April' . . 






28 


79 


September 




■S 


25 


60 


October . 




23 


26 


88 


November . 




10 


26 


39 


December . 




12 


27 


44 



1 The prevalence of malaria during these months is always greatest, and 
furthermore the spring statistics would be faulty for comparison, inasmuch 
as the crusade did not begin until March i, 1910, as already espliuned. 
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TABLE VII 

Comparison based on actual count of absences due to malaria, 
including cases over five days from September to December in- 
clusive, during 1909, when no anti-malaria work was in progress, 
and 1910, when such a crusade was carried on. The average re- 
duction of absences in per cent is also shown. 



MoiiT> 


Child Davs 

Attooiabce 


Dais AnEHT 


''""'' 






1900 


■„. 


i!M) 


10.0 


'V^ 


iglo 




September. . 


126 


4(8 


J? 


22 


7-7 


4.8 


38 


October . . 


,62 


III 


18 


24 


6.8 


4-7 


31 


November . . 


570 


120 


17 


10 


6., 


1-9 


71 


December . . 


450 


40s 


24 


12 


S-3 


2-9 


45 


ToUls . . 


1908 


1894 


124 


68 


6.S 


3.6 


45 



By an examination of the above comparisons it will 
be seen that the absences in the school due to malaria 
were reduced by 45 per cent, nearly one half, — and 
that in only one season's work. This showing in the 
face of limited funds is very good. The efficiency of 
this campaign was probably not higher than 50 per 
cent, therefore under full efficiency a reduction of 
75 per cent of the cases of malaria could have been 
expected, with increasing reduction in succeeding years 
with continuous work. That the reduction of absences 
is less in October (31 per cent) than in September (38 
per cent) is due to the fact that there was a change of 
inspectors in late August and during the interim there 
was insufficient protection. The result, of course, 
does not appear, however, until October. 
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THE STATE BOARD OF HEALTH ON MALARIA 
IN CALIFORNIA 

"There are no complete statistics on malaria in 
California. The disease seldom results directly in 
death. In 1909 there were only 112 deaths^ from 
malaria in the state, of which 104 were in Northern and 
Central California, and eight in Southern California. 
The average age at death of cases reported is 44 years. 
The mortality in California is probably less than 2 per 
cent, which would indicate approximately 5000 or 
6000 cases in the past year. The Sacramento and San 
Joaquin Valleys are crossed by many tributaries of 
their two great rivers. The districts adjacent to these 
tributaries and close to the foothills of the Sierra Nevada 
Range are involved primarily in the spread of this 
disease, though its victims have transferred their 
residence to every part of the State. The annual losses 
from malaria may be estimated for purposes of il- 
lustration as follows.^ (See Table on page 6, giving 
. total loss at $2,820,400.) 

' The United States census, 1909, mortality report gives malaria 4.8 
deaths per ioo,ocx> population for the entire registration area. Checking 
this by the 1910 census, just completed for California, which gives over 
2,300,000, the result is a striking verification of the forecast (23.5 X 4-8 = 
1 1 2.8 deaths). 

' Professor L. 0. Howard, entomologist for the United States Depart- 
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"The National Conservation Commission reported 
to President Roosevelt that 80 per cent of malaria could 
be prevented. Applying this same percentage to this 
total loss, there results a net preventable loss of $2,256,- 
000 annually. The significance of this loss can best 
be brought out by some comparative statistics. The 
United States mortality reports show that in 1909 
California had one eleventh of all the deaths from 
malaria in the registration area,^ which includes eight- 
een states, and ranked second in number of deaths 
for a single state. Indiana was first with 125 deaths, 
New York third (95 deaths), Ohio fourth (75 deaths), 
Pennsylvania fifth (50 deaths). In proportion to 
population California outranks all other states in this 
area. Within the State 66 per cent of the deaths 
occurred in ten counties extending in an almost un- 
broken chain along the base of the Sierra Nevada 
Mountains. The total population for these counties 
(1910 census) is 326,896. Malaria, therefore, causes- 
five times as many deaths per 100,000 of population 
as the average for the United States registration area. 
In these ten counties ^ the 1909 death rate was one 

ment of Agriculture, estimates the aimual cost to the United States for 
malaria to be $100,000,000. In proportion to population California ^lould 
represent one thirty-eighth of this, or $3,630,000 per year loss. 

' Registration area is area making full reports of ah deaths to Census 
Bureau. It includes Cahfornia, Colorado, Connecticut, Indiana, Maine, 
Maryland, Massachusetts, Michigan, New Hampshire, New Jersey, New 
York, Ohio, Pennsylvania, Rhode Island, South Dakota, Vermont, Wash- 
ington, and Wisconsin. 

'Beginning at the northern end of Sacramento Valley these c 
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death to 4400 people. A second group of ten counties * 
contiguous to those of the first group shows one death 
to each 15,820 of population. A third group of ten 
counties ^ forming a chain along the coast shows one 
death to each 57,614 of population. Twenty-eight' 
or almost 50 per cent of the counties show no malarial 
deaths. Excluding the counties of San Francisco 
and Los Angeles,* there remains the fact that two 
thirds of the population live in counties which con- 
tributed all the deaths from malaria, while one third 
of the population of the State lives In counties which 
had no malarial deaths in 1909. A further study of 
the distribution of malaria in California shows Butte 
County 15 per cent, Sacramento County 10 per cent. 
San Joaquin 9.8 per cent, Fresno 6.2 per cent, Shasta 
5.4 per cent of the deaths in 1909. These counties, 
with only one sixteenth of the total population of the 

ate: Shasta, Tehama, Butte, Yuba, Placer, Sacrameuto, Amador, San 
Joaquin, Fresno, Kem. These ten counties alone sustain $1^488,960 of 
the total annual estimated loss from malaria. The total value of all property 
in these counties is scarcely 160 times this annual loss. 

> Similarly arranged, these counties are ; Trinity, Sutter, Yolo, Napa, 
Contra Costa, Calaveras, Stanislaus, Merced, Tulare, and Kings. 

* The third group forms a continuous chain of coast coimties from San 
Francisco to the Tehachapi Mountains: San Francisco, San Mateo, 
Alameda, Santa Clara, Santa Cruz, San Benito, Monterey, San Luis Obispo, 
Santa Barbara, and Los Angeles. 

' One county, Sonoma, was inadvertently omitted from the coast county 
group, but the one death which occurred does not materially change the 
estimate. 

•These two counties have a population of 921,043 (1910 census). In 
1909 there were twelve deaths from malaria, or one in 76,753 population. 
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state, have more than one third of all the deaths from 
malaria. 

" If the counties bordering the Sacramento and San 
Joaquin Valleys and sending tributary streams to these 
two great rivers be divided by a line from the Suisun 
Bay to Mokelumne Peak, it will be found that eleven 
counties to the north of this line show 50 per cent of 
the deaths from malaria in 1909, and thirteen counties 
to the south of the line show 30 per cent of the deaths 
from this cause. In other words, the Sacramento and 
San Joaquin Valleys contributed 80 per cent of all the 
deaths from malaria within these valleys. The follow- 
ing figures are significant : Nine of the twenty-four 
counties had 75 per cent of the deaths, or 60.6 per cent 
of the deaths for the entire state. These nine counties 
fall into three groups : (i) Placer, Sacramento, San 
Joaquin, with 25 per cent of the deaths and a popu- 
lation of 136,774; (2) Butte, Tehama, Shasta, with 
24 per cent of deaths and a population of 57,622 ; 
(3) Fresno, Tulare, Kern, with 11.6 per cent deaths and 
148,812 population. 

"Reducing these figures to terms of ioo,ocxd popula- 
tion and comparing with the United States census 
average of 4.8 for the entire registration area, the 
Butte-Tehama-Shasta area shows 46.8 deaths per 
100,000 population ; the Placer-Sacramento-San Joa- 
quin area shows 20.4 deaths per 100,000 ; and 
the Fresno-Tulare-Kern area shows 8.9 deaths per 
100,000 population. These figures are not given to 
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indicate that these counties are hopelessly undesirable 
sections of the State to live in, but to prove beyond 
question that there is great need for centering a well- 
organized, persistent fight against malaria in these 
three areas. The object of the writer is to show the 
financial loss now being sustained and to illustrate 
clearly the importance of supporting the excellent work 
done during the past year. 

"During 1910 three anti-mosquito organizations be- 
gan work, with headquarters in Oroville (Butte County), 
Penryn (Placer County), and Bakersfield (Kern County). 
These organizations are described elsewhere in this 
book, but their significance to California's future 
deserves emphasis. In mere money values their success 
means the saving of upwards of $500,000 annually 
to each of the first two areas, $225,000 annually to 
the third one, and ultimately over $2,250,000 a year 
to the entire State. 

"These organizations need money and the personal 
cooperation of every landowner in these districts. 
Their first work is educational. There are many 
residents of California who do not know that the 
prevalence of a special kind of mosquito in these dis- 
tricts is responsible for the losses and suffering caused 
by malaria. They must be taught that the malaria- 
bearing .mosquito offers a vulnerable point of attack 
upon this disease, because this mosquito alone serves 
as the carrier of the malaria parasite from the blood 
of the person who has the disease to the blood of other 
persons who do not have it until bitten." . - , 
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SUMMARY 

1. The rural and small city population of the state is awaken- 
ing to the possibilities of malaria control. 

2. The losses due to malaria do not only consist in direct loss 
through drug and physicians' bills, but most especially in indirect 
losses through personal inefficiency and reduction in real estate 
valuation. 

3. Malaria is a mosquito-borne disease in which the Anophe- 
line species are concerned, and the control of this disease is there- 
fore dependent on the control of the mosquito as the cheapest 
and most efficient method. 

4. The Anopheline mosquitoes as well as other species of mos- 
quitoes must have water in which to breed. ■ A thimbleful of 
water is enough to breed these insects. Partially overflowed 
pasture land is ideal. This condition is often produced by leaky 
irrigation ditches or water pipes. 

5. Proper drainage is absolutely necessary; where this can- 
not be attained, the application of oil sprays, either crude and 
kerosene mixed approximately equal parts or stove distillates of 
about 30" Beaume. 

6. Oil must also be applied when drainage does not result in 
dry conditions before the larvje or pupje are ready to emerge as 
adults. 

7. If oil is used, it must be applied repeatedly every twelve 
days during midsummer, less often in early spring and late autumn. 

8. While malaria usually makes its appearance with irrigation, 
the latter is only indirectly the cause and is absolutely dependent 
on the slipshod methods in vogue in northern and central Cali- 
fornia. In the southern part of the state there is as much, if 
not more, irrigation, and malaria is virtually unknown, 

9. Houses should be well screened in order to keep out mos- 
quitoes at night. It pays to spend some time in searching for 
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the last mosquito that has chanced to enter — it takes only one 
bite from an infected mosquito to cause a case of malaria. 

ID, Communities that have carried on systematic mosquito 
campaigns have succeeded in reducing malaria to a very marked 
degree in one season, — 50 per cent has been accomplished in the 
first season. 

11. A successful campaign can be conducted at the rate of 
seventy-five cents a day per square mile of protection, — each 
Inspector being responsible for ten square miles. 

12. The crusade must be under the direct supervision of an 
expert Field Agent who has had proper training in malaria con- 
trol and is familiar with rural health problems. 

13. When a new campaign is undertaken, it is desirable that 
some work be done in October and November in order to elimi- 
nate the last brood of mosquitoes, which is the overwintering 
brood. The spring work should begin early in March, usually 
March ist. 

14. There is great need of a legislative act making it possible 
to provide funds to carry on anti-malaria work, since everybody 
in a given area is benefited, and a few should not be compelled 
to carry the financial burden. This can be accomplished by the 
organization of sanitary (mosquito) districts, in which the cost 
is covered by taxation, or secondly by a direct appropriation for 
such purposes. The increased influx of desirable colonists 
would more than offset the expense. 

15. Malaria is the principal cause for absences in the rural 
public schools in the greater part of the malaria infested districts ; 
otherwise climatic conditions favor good health. Absences due 
to malaria in a rural school were reduced by 45 per cent In one 
season, through a systematic a nti- mosquito crusade. 

16. Statistics show plainly that about three fourths of the 
malaria in the state of California is found in nine out of the twenty- 
four malarial counties. These nine counties are otherwise just as 
healthful as any of the others, malaria being virtually the only 
blight ; — hence we find here the situation where systematic and 
energetic effort must be expended. 
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Some Macmiilan Books on Kindred Sid^ects of Interest to the General 
Reader and Student 

Advice to Consumptives. Home Treatment, 
After-Care, and Prevention 



The after-care of Ihe consumptive on leaving the sanatorium is of tlie highest impor- 
of Se first rank 



CioiA, i^Sffi., index, izmo, $0.75 » 

lorium is of the hiel 

■e by an expert of S 



will be found in 

Nursing the Insane 

Bv CLARA BARRUS, M.D. 

Cloth, 4og pp., index, Svo, $3 ri 



a the last few years In the whole subject of tr 

Confessio Medici 

Clotk. gill lop, isSpp., izmo, $i.sj net 

" There is nothing sensational about this boolc. . . . It is ius( a series of talks by a 
man who has seen much and thought much." — £j-/r«i (Buifelo). 



The Conquest of Nerves 



By J. W. COURTNEY, M.D. 

C'UlA, gill lop, 2og pp., index, iimo, t'-^S ""' 
A book of sensible, practical advice wiih regard to the fundamental principles of mental 
healing and the applications of these principles that can saicly be made by every pcr- 
soti for himself, from (he best possible standpoint — that of a broad-minded, experi- 
enced physician — Dr. Courtney takes uplhis principle and discusses it. 

The Healthy Baby: The Care and Feeding of 
Infants in Sickness and in Health 

By ROGER H. DENNETT, M.D. 



DISPENSARY 

Cletk, X3S pp., index, rsmo, $1. 
an in New York Oty and is also a writer o 
re, on such subjects as a|iijctite, clothing, th 
T. the throat, the teeth, milk, and mixing and 



the food, and food tor traveling, i; 
well recommend this book to molliuis. 
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The Interpretation of Dreams 

By Professor SIGMUND FREUD, M.D., LL.D. 



Translated by A. A. Brill, Ph.B., M.D.,Chief of theNeurological Depart- 
ment, lironK Hospital and Dispensary ; Clinical Assistant in Psychiatry 
and Neurology. College of Physicians and Surgeons, New York. 

Prcparivg 

The geniTai advance in ihe studj' of abnormal menial jwocesses has called particular 
attention m the dream, whose riddle has been solved fev Pr-ofessoi Freud, 8ie noted 
neurologist at the University of Vienna, in connection with his study of nervous and 
menial diseases. Professor Kreud asserts that dreams are perfect psydtological meeba- 
nisms and are neither fbolbh nor useless. He found that dKatm, when ■naJi'iieid by 
his method, exposed Ihe most intimate recesses of personality, and that, in the study 
of nervous and mental diseases, it is mainW through dreams that the symptoms of the 
disease can be explained and cured. This' epoch-making book furnishes many useful 
and inleresling contrilmrions to Ihe study and treatment of nervous and mental dis- 
eases and is most valuable (o physicians and psychologists. 



The People's Medical Guide 



Points for the Patient, Notes for the Nurse, Matter for the Medical Ad- 
viser, Succor for the Sufferer, Precepts for the PuHic- 

Bv JOHN CRIMSHAW, M.D., 

B.S. (LOND.), 1>.P.H. (CAMW.J, M.H.Ci. (ETJG.). ETC. 

Cloth, 83^ fp., inikx, glossary, ill., Sve, $3.00 uft 

A medical gtiide for the people, thoroughly modem in matter and tone, embracing all 
the remarkable advances of tlie last decade. Besides constituting a plea for a reform in 
medical education, this book is an exposition of the different branches of medical work 



Biological Aspects of Human ProWems 

By christian a. herter, m d.. 



Clolh, 344 pp., iimo, $i.jo net 

This work gives the personal convictions of a foremost authority on the far-reaching 
efietts of biology. Dr. Herter first discusses in what respects the animal body may be 
regarded asamedianism, next he treats of the nature of the self-preservative and sex- 
ual instincts which ajniear to Iw the most fundamental of all instinctive qualities in liv- 
ing protoplasm. Following this the various instincts of human nature, such as those 
whidi relate to imitation. aHection, love of beauty, the awe of tlie powerful and unin- 
telligible are taken up, while fiirally the tendencies in development in education; litera- 
ture, music, art, businuss, pi>l.tit5 and scicnoe are considered. There has been no 



The Major Symptoms of Hysteria: 

Fifteen Lectures given in tlie Medical School of Harvard University. 

By PIERRE JANET, M.D. 

Clolk, ssstt: index, i2mo, %i.75 net 

Under the tenn hysteria, Professor Janet includes all those menial slates wtiich give 
rise to cases of somnambalism , involuntary fUghls or " ftigues," hysterical paraJysta, 
and doullle personalities. Professor Janel has been for nearly Iwenp' years Director 
of the Psychological Lal)oval»ry of the Salpeiriire, probably (he tat^est and most 

Text-Book of Anatomy and Physiology for Nurses 

By DIANA C. KIMBER, 



Third edition revised by Caroline E. Gray, R.N., Aaststaol Si^ierintend- 
ent, New York City Training School for Nurses. 

Cloth, Svo, 43S pp.. Hi., t:2^s° "'' 



sons covering the first or junior year. The subjects are piesented with sincerity and 

Home Nursing 

By ISABEL MacDONALD. 

Cloth, 326 pp., 121K0, $a.So net 

Miss MacDonald, in her Prefece to this admirable and most useful book on Home 

and showing more fully than is possihle in a lecture how to alleviate pairi and discom- 
fort, how to avoid pitfalls and mistakes, and how to help in saving valuable lives in 
times of sickness and danger. 

Primaiy Nursing Technique for First Year Pi^l 
Nurses 

Bv ISABEL McISAAC. 

C/ath, .r sniff, ig? pp„ tl.ss '"' 



A thoroughly honest be 


lok for nurses starting on their oou 


.Fse ofitudy. 
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with the one object in vi 


lew of inculcating in the minds of 
he human body is the tirst essential 
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Hygiene for Nurses 



By ISABEL McISAAC. 

Ciotk, I2me, loS pp., $/.2j net_ 
;s of this book are full of just the information thai every woman in charge of 
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Conduct and Its Disorders Biologically Considered 

Bv CHARLES ARTHUR MERCIER, M.D., F.R.C.P., F.R.C.S. 

; AUTHOR OF "A 



Cloth, 3J7 pf-, Sve, tj^j net 

any compirhenBive study of conducl a? a whale. The principle on which the mvestigaUaa of hu- 
ouin canduci is mndc in Ihis book is the bioLogical ptinci^c and its aim is merely lo explain from 
a purely fM:ienii6c sianilpoini. 

A Text-Book of InscUiity 

Bv CHARLES MERCIER, M.D. 

Clolk, 34b pp., iimo, t'-7S "'' 
The Sim of ihit book it lo supply a long needed warn, aamety, ihal of a leii-book in compaci 
li'e's°'<>f° inanity' a diTlinctkn wh1ch°L belTe'ves \xs '^r 10 »lye ll^ ^ffi'cuUils'of 'cTa^siR "li!m 

The'Sexual Life of the Child 

Bv DR. ALBERT MOLL. 
Transhted from the Gernnati by Dr., Eden Paul, with an introduction by 
Edward L. Thorndike, Professor of Educatiotial Psychology, Teachers 
College, Columbia University. 

CUti, 33!) pp., index, izmo, tr.Js net 

flank, open, dignified manner by'DrMoU.'" He I'eaJs one Ihiough the inaKs'orihe KxuV&vel- 
opment of tlie aiUd, and 10 cleverly analyrea M real feelings that one instincIiTely feels one's self 

Mind and Health 

Bv EDWARD E. WEAVER, Ph.D. 

Chik, 46S pp., ismo. Preparing 
This (realise is an attempt lo embody sonw of the latest results of the psychological study of the 

piesent-day sdentific menial heeling. Both the strong points and weaknesses of these syslenu 

The Care of the Body 

By R. S. WOODWORTH, 
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